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A B S T R A C T

Purpose: The stem cell mobilization agent plerixafor significantly improves CD34+ stem cell procurement in
patients with multiple myeloma undergoing autologous stem cell transplant. We compared mobilization success
rates and costs of two regimens of plerixafor administration: pre-emptive (P-PL, initiated the evening prior to the
first day of stem cell collection) and standard (S-PL, initiated the evening prior to the second day of stem cell
collection in the event of inadequate collection on the first day).
Methods: Patients with multiple myeloma undergoing mobilization were categorized as either P-PL or S-PL. Stem
cell collection success was evaluated using logistic regression models. Associated costs were aggregated in terms
of average collections per patient in each mobilization option (patient level), and escalated to a panel of 5000
patients (population level).
Results: 299 patients were evaluable; 241 received P-PL and 58 received S-PL. Patients receiving P-PL had higher
median CD34+ count pre-collection and higher median total CD34+ cell harvest on the first collection
(6.75 × 106/kg for P-PL, 1.96 × 106/kg for S-PL; P< 0.01). In multivariable analyses, P-PL remained sig-
nificantly associated with the ability to collect ≥2 × 106/kg CD34+ on the first day (OR = 4.05, 95% CI,
1.19–13.83, P= 0.03) and ≥5 × 106/kg CD34+ in total (OR = 3.09, 95% CI, 1.04–9.23, P= 0.04). P-PL saved
$11,248 (46%) per patient compared with S-PL.
Conclusion: P-PL significantly enhanced collection efficiency, with most patients completing collection in 1 day,
resulting in substantial cost savings.

1. Introduction

High-dose chemotherapy with autologous stem cell transplantation
(ASCT) is currently a standard of care for patients with multiple mye-
loma and non-Hodgkin’s lymphoma [1]. Collection of an adequate

number of CD34+ peripheral blood progenitor cells (CD34+ cells) is
therefore a critical aspect of this treatment modality [2]. CD34+cells
can be effectively mobilized from the bone marrow to the peripheral
blood using several techniques and agents. To ensure timely engraft-
ment, it is generally considered that a minimum dose of 2 × 106 CD34+
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cells per kg body weight is required per transplant, although a higher
yield would be required to procure enough CD34+ cells for two
transplants, as is sometimes utilized in multiple myeloma [2–5]. Failure
to collect an adequate CD34+ cell count with growth factor mobiliza-
tion leads to treatment delays and potential need for higher intensity
regimens, such as chemomobilization [4,6–8]. Infusion of suboptimal
CD34+ cell numbers risks delayed or failed engraftment [9–12]. Both of
these scenarios increase the risk of peri-transplant morbidity and can
lead to increased healthcare costs [6,9–12].

Conventional strategies for stem cell mobilization involve admin-
istration of granulocyte colony-stimulating factor (G-CSF) alone or in
combination with chemotherapy or chemokine receptor antagonists
[13]. G-CSF has pleiotropic effects on the bone marrow microenviron-
ment, including increased expression of the chemokine receptor CXCR4
and decreased expression of the chemokine stromal cell-derived factor
1 (SDF-1) in bone marrow, leading to loss of CXCR4/SDF-1 interaction
and subsequent stem cell mobilization to the peripheral blood [13,14].
Plerixafor (Sanofi, Paris, France), a small-molecule antagonist of the
CXCR4 receptor, reversibly inhibits binding of SDF-1 to CXCR4 and is
indicated in combination with G-CSF (with or without chemotherapy)
to improve stem cell mobilization [15,16]. Phase III studies have de-
monstrated that administration of plerixafor in combination with G-CSF
can significantly improve the likelihood of successful CD34+ cell col-
lection compared with G-CSF alone in patients with multiple myeloma
and non-Hodgkin lymphoma [17,18]. In addition, plerixafor has been
shown to be effective in patients who have failed prior stem cell mo-
bilization attempts or who are predicted to be poor mobilizers [19–21].

Resource utilization is a critical aspect of transplant program clin-
ical operations, and apheresis scheduling is a key element of timely
patient care. In most institutions, in addition to stem cell collection
apheresis units serve a variety of customers, with neurology being the
largest customer in many institutions. Because of the growth of our
transplant program and overall increasing demands for apheresis re-
sources, in order to prevent scheduling delays for autologous stem cell
procurement a programmatic decision was made to change our mobi-
lization algorithm.

Therefore, in order to improve stem cell collection efficiency, the
Ohio State University Blood and Marrow Transplant Program began a
policy of administering plerixafor to multiple myeloma patients on the
evening prior to the first day of stem cell collection. Here we evaluate
the cost outcomes of this policy change, when compared with patients
who received plerixafor only after inadequate collection parameters
were identified, using a treatment algorithm based on initial stem cell
yield. We compared the peripheral blood CD34+ cell number prior to
collection, collection success, engraftment of neutrophils and platelets,
and costs associated with both collection strategies.

2. Materials and methods

Eligible patients were adults with myeloma undergoing growth
factor mobilization who had received either filgrastim alone or at least
one dose of plerixafor during stem cell mobilization prior to ASCT. The
study was approved by the Institutional Review Board of The Ohio State
University. Patient data were obtained from the electronic medical re-
cord (IHIS/EPIC) of The Ohio State University Wexner Medical Center
as well as the Blood and Marrow Transplant Program data repository.
Patients were excluded if they had received chemotherapy prior to stem
cell mobilization, or if they did not proceed with transplantation after
successful collection.

2.1. Study design

This retrospective study compared the mobilization success rates of
two dosing schedules of plerixafor: pre-emptive, where plerixafor was
initiated the evening prior to the first day of stem cell collection (P-PL),
and standard, where plerixafor was initiated the evening prior to the
second day of stem cell collection, using a treatment algorithm based on
CD34+ cell count (S-PL) (Fig. 1). The primary objective was to describe
the impact of the dosing schedule on collection outcomes, including
total CD34+ stem cell number procured and the number of apheresis
procedures required for collection. Successful collection was defined as
the proportion of patients achieving a minimum collection of 2 × 106

Fig. 1. Dosing schedules of plerixafor: Pre-emptive (P-PL) versus standard (S-PL) administration.
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CD34+ cells/kg or an optimal collection of ≥ 5 × 106 CD34+ cells/kg.
Secondary objectives were to evaluate risk factors and patient-specific
characteristics that may lead to poor mobilization (age, number of prior
chemotherapy regimens, previous lenalidomide therapy, prior history
of type 2 diabetes, and remission status at time of transplant) and
evaluate differences in transplantation outcomes, defined as the
number of days from transplant to neutrophil and platelet engraftment.
In addition, a cost analysis assessed the costs of P-PL versus S-PL at the
patient level in terms of the average cost per patient and escalated to
the population level for a panel of 5000 cover patients.

2.2. Statistical considerations

Patient clinical characteristics and collection outcomes were sum-
marized using descriptive statistics. Associations between the plerixafor
administration schedule and baseline clinical variables were assessed
using Fisher’s exact test or the non-parametric Wilcoxon rank sum test
for categorical and continuous variables, respectively. Logistic regres-
sion models were used to assess mobilization success as a function of
the plerixafor administration schedule while adjusting for covariates
and risk factors including age, gender, race, Karnofsky performance
status, Charlson Comorbidity Index (CCI), number of prior che-
motherapy regimens, previous lenalidomide treatment, prior history of
type 2 diabetes, remission status at time of transplant, and peripheral
blood CD34+ count before first collection. Univariable models were fit
first, then multivariable models were constructed using the method of
forward selection from the univariable models using P < 0.05 as the
model entry criteria. All tests were two-sided and statistical significance
was set at α=0.05. The SAS 9.4 program (SAS Institute, Cary, NC, USA)
was used for all statistical analyses.

2.3. Cost analysis

The cost analysis assumed that only the collection of CD34+ cell
harvest, and not the clinical efficacy of ASCT, was affected by the mode
of mobilization. Consistent with the patient eligibility criteria, patients
who did not proceed with transplantation after successful collection
were not included. The analysis included only direct and differential
cost determinants related to mobilization and excluded common costs
across arms (including catheter placement). The cost-benefit analysis
focused on budget impact, did not consider indirect costs, and was from
the payer perspective.

The CMS average sales price (ASP) of medications, CMS costs for
procedures, and, optionally, the incremental cost of hospitalization were
aggregated in terms of the average collections per patient needed to
reach the required dose of CD34+ cells (patient level). The costs were
then escalated to a panel of 5000 patients for each group (population
level). Cost inputs included medications, medication- and collection-re-
lated procedures, and, optionally, the incremental hospitalization cost for
the additional hospital stay observed for the PePL group. Four scenarios
with varying clinician-administered versus patient self-administered fil-
grastim doses were considered. Costs were presented in 2017 USD, ex-
cept for hospitalization day, where the 2015 USD cost [24] was adjusted
to 2017 USD per the medical consumer price index) [25].

3. Results

3.1. Patients

From 2009–2014, 299 patients received plerixafor during stem cell
mobilization and were available for evaluation. Median age was 60 years
(range 35–72); 55% of patients were male; 241 received PePL and 58
received SePL. There were no significant differences between patient
groups with respect to gender, age, race, Karnofsky performance status,
International Staging System score, CCI, number of prior therapies, prior
lenalidomide, type 2 diabetes status, or disease status at the time of stem
cell mobilization (Table 1). No patients had received chemotherapy for
stem cell mobilization. As this was not a prospective analysis, patients
underwent a variety of induction regimens prior to transplant. The most
common regimens included bortezomib, lenalidomide, and dex-
amethasone (n = 88), velcade plus dexamethasone (n = 85), and lenali-
domide plus dexamethasone (n = 40). Some patients also received ra-
diation therapy for symptom control around the time of induction
(n = 78). The remainder of patients required multiple courses of combi-
nation regimens or changes in the treatment plan to achieve remission
sufficient for transplantation (n = 94). The majority of patients were in
either a first complete or partial remission at the time of transplantation
(n = 274). Nineteen patients had achieved only stable disease after initial
therapy, and 5 patients were not in remission at the time of transplant and
had overt disease progression after either primary induction or salvage
therapy. The remainder of the patients were in second or subsequent
remission. Twenty patients had undergone prior autologous transplanta-
tion. Three patients were lost to follow up after stem cell procurement and
did not proceed to autologous transplantation. In keeping with the elig-
ibility criteria, these patients were not considered in subsequent analyses.

3.2. Stem cell collection

Patients who received PePL showed significant improvements in
stem cell collection compared with patients who received SePL.
Peripheral blood CD34+ counts were analyzed prior to initiation of the
first collection procedure. Patients receiving PePL had a median CD34+

cell count in peripheral blood of 21 (range 0–162) compared with 8
(range 3–90) for patients receiving SePL (P < 0.01) (Table 2). The
median total CD34+ cell count collected on the first day of stem cell
collection was 6.75 × 106 in patients receiving PePL versus 1.96 × 106

in the patients receiving SePL (P < 0.01). There was no significant

Table 1
Baseline Patient and Disease Characteristics.

All (N = 299) P-PL
(n = 241)

S-PL
(n = 58)

P

Sex, n (%) 0.24
Male 165 (55) 137 (57) 28 (48)
Female 134 (45) 104 (43) 30 (52)
Race, n (%) 0.26
Caucasian 260 (87) 211 (88) 49 (84)
Black 35 (12) 28 (12) 7 (12)
Other 4 (1) 2 (1) 2 (3)
Age, median (range) 60 (35 to 72) 60 (35 to

72)
61 (38 to
71)

0.80

Karnofsky performance 0.06
status, n (%) 265 (89) 218 (90) 47 (81)
≤ 90 34 (11) 23 (10) 11 (19)
> 90
ISS score, n (%) 0.40
1 88 (40) 75 (42) 13 (32)
2 68 (31) 55 (31) 13 (32)
3 64 (29) 49 (27) 15 (37)
Missing 79 62 17
CCI, median (range) 2 (0 to 9) 2 (0 to 9) 3 (0 to 7) 0.48
Lines of prior chemotherapy,

median (range)
1 (1 to 9) 1 (1 to 9) 1 (1 to 5) 0.54

Prior lenalidomide, n (%) 0.46
Yes 170 (57) 134 (56) 36 (62)
No 129 (43) 107 (44) 22 (38)
Diabetes, n (%)
Yes 44 (15) 36 (15) 8 (14) 1.00
No 255 (85) 205 (85) 50 (86)
Remission status at
transplant, n (%)
Complete response 37 (12) 33 (14) 4 (7) 0.31
Partial response 237 (79) 188 (78) 49 (84)
Stable disease 19 (6) 14 (6) 5 (9)
Progressive disease 6 (2) 6 (2) 0

CCI, Charlson Comorbidity Index; ISS, international staging system; P-PL, pre-
emptive plerixafor; S-PL, standard plerixafor.
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difference in the stem cell collection efficiency between the PePL and
SePL patient groups on Days 2 and 3 of stem cell collection. There was
no difference in the numbers of doses of plerixafor received, with both
patient groups (PePL and SePL) receiving a median of one plerixafor
dose (range 1–3 for both patient groups). The majority (99%) of patients
receiving PePL versus 64% of patients receiving SePL completed stem
cell collection in one or two collection procedures (P < 0.01), with 77%
of PePL patients and 9% of SePL patients achieving the stem cell col-
lection goal of 2x106 CD34+ cells/kg in one collection procedure
(P < 0.01). Eighty-three percent of PePL patients eventually achieved a
collection goal of 5 × 106 CD34+ cells/kg versus 62% of SePL patients
(P= 0.01). One patient in the PePL group failed to collect > 2x106

CD34+ cells/kg. In terms of engraftment, there was no difference be-
tween the PePL and SePL patient groups with respect to platelet en-
graftment (as defined as a total platelet count of 20 × 106/L × 3 con-
secutive days), however compared with patients receiving SePL, patients
receiving PePL had a significantly longer ANC engraftment time
(P < 0.01) and a longer stay in hospital (P < 0.01) (Table 2).

In the univariable analysis, peripheral blood CD34+ count before first
collection and PePL administration were the only two factors sig-
nificantly associated with a likelihood of achieving a stem cell collection

of at least 2 × 106 CD34+ cells/kg during the first stem cell collection
(both P < 0.01). In multivariable analysis, where these two variables
were simultaneously included in the model, the odds of achieving the
collection of at least 2x106 CD34+ cells/kg on the first stem cell collec-
tion in the PePL group was 4.05-fold greater than that in the SePL group
(odds ratio [OR] = 4.05, 95% confidence interval [CI], 1.19–13.83;
P= 0.03). In addition, PePL administration was significantly associated
with the total collection of ≥ 5 × 106 CD34+ cells. Compared with the
SePL group, the PePL group were 3.09-fold (OR = 3.09, 95% con-
fidence interval, 1.04–9.23; P= 0.04) more likely to achieve a total
collection of 5 × 106 CD34+ cells, adjusting for peripheral blood CD34+

count before first collection (P < 0.01), age (P < 0.01), and complete
or partial response at the time of collection (P= 0.03) (Table 3).

3.3. Cost analysis

Cost inputs and analysis results are presented in Table 4. The average
number of collections per patient needed to reach the required count of
CD34+ cells was 1.24 and 2.29 for the PePL and the SePL groups, re-
spectively. Not considering differential hospitalization costs and using
the ASP as the base, average per-patient costs (escalated to 5000-patient

Table 2
Collection and Transplant Outcomes.

All (N = 299) P-PL (n = 241) S-PL (n = 58) P value

PB CD34+ count per mm3 before first collection < 0.01
Median (Range) 20 (0–162) 21 (0–162)a 8 (3–90)
Missing 61 28 33
PB CD34+ count on the day of first collection < 0.01
Median (Range) 80 (10–471) 93 (12–471)a 25 (10–218)
CD34+ collected at first collection, 106 cells/kg < 0.01
Median (Range) 6.01 (0.59–33.98) 6.75 (1.02–33.98) 1.96 (0.59–17.40)
PB CD34+ count on the day of second collection 0.39
Median (Range) 35 (5–126) 33 (5–126) 36 (8–124)
Not available b 191 186 5
CD34+ collected at second collection 0.70
Median (Range) 2.90 (0.54–9.35) 2.96 (0.54–9.17) 2.71 (0.72–9.35)
Not available b 191 186 5
PB CD34+ count on the day of third collection

0.10
Median (Range) 27 (5–96) 8 (6–27) 29(5–96)
Missing 1 0 1
Not available c 275 238 37
CD34+ collected at third collection 0.09
Median (Range) 1.91 (0.48–5.55) 0.67 (0.63–1.94) 2.24 (0.48–5.55)
Not available c 275 238 37
Total CD34+ collection ≥ 5x106/kg, n (%) 0.01
No 63 (21) 41 (17) 22 (38)
Yes 236 (79) 200 (83) 36 (62)
Number of plerixafor doses 0.30
Median (range) 1 (1–3) 1 (1–3) 1 (1–3)
Total collections, n (%) < 0.01
1 191 (64) 186 (77) 5 (9)
2–4d 108 (36) 55 (23) 53 (91)
CD34+ infused, 106 cells/kg 0.02
Median (range) 3.98 (1.92–15.65) 4.16 (1.92–15.65) 3.67 (2.16–8.70)
Length of hospital stay for SCT < 0.01
Median (range) 16 (9–50) 17 (12–50) 15.5 (9–29)
Day of ANC engraftment > 0.5x109/L for 5 days < 0.01
Median (range) 11 (9–20) 11 (9–20) 10 (9–12)
Missing 1 0 1
Day of platelet engraftment > 20x109/L 0.67
Median (range) 19 (10–78) 19 (10–78) 19 (11–51)
Missing 5 3 2
Day of platelet engraftment > 50x109/L 0.88
Median (range) 19 (12–78) 19 (12–78) 20 (15–51)
Missing 6 3 3

ANC, absolute neutrophil count; KW; P-PL, pre-emptive plerixafor; SCT, stem cell transplantation; S-PL, standard plerixafor..
a One patient had peripheral blood CD34+ count of 162 per mm3 on the day before first collection and 471 on the next day.
b “Not available” refers to the patients not in the analysis because collection was completed on the first day.
c “Not available” refers to the patients not in the analysis because collection was completed collections in the first 2 days.
d Only one patient had a fourth collection, which yielded 0.349*106 cells/kg.
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panels) ranged from $13,131 ($65,654,941) to $13,259 ($66,296,116)
for the PePL and $24,270 ($121,349,200) to $24,507 ($122,534,276)
for the SePL group (Table 4). PePL saved 46% of costs compared with
SePL, with savings reaching $11,248 per patient and $56,238,160 for a
5000-patient panel. When considering the incremental cost of the 1.5-

day length of stay differential associated with PePL, corresponding costs
for the PePL group ranged from $16,995 ($84,976,057) to $17,123
($85,617,232) compared with the unchanged SePL costs. PePL saved
30% of costs compared with SePL, with savings reaching $7383 per
patient and $36,917,044 for a 5000-patient panel (Table 4).

Table 3
Effect of Variables on Collection Outcomes.

≥ 2 × 106 CD34+ on first collection ≥ 5 × 106 CD34+ in total

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis

OR (95% CI) Pa OR (95% CI) Pb OR (95% CI) Pa OR (95% CI) Pb

Age (1-year increase) 0.98 (0.94–1.03) 0.44 — — 0.93 (0.90–0.98) 0.0009 0.89 (0.83–0.95) 0.0006
Male versus female 1.21 (0.64–2.29) 0.55 — — 1.15 (0.66–2.01) 0.62 — —
Caucasian versus non-Caucasian 0.61 (0.21–1.81) 0.35 — — 0.51 (0.19–1.37) 0.15 — —
Karnofsky PS > 90 versus ≤ 90 0.81 (0.31–2.07) 0.66 — — 1.63 (0.60–4.39) 0.32 — —
CCI (1 unit increase) 0.94 (0.80–1.10) 0.44 — — 1.00 (0.86–1.15) 0.97 — —
Number of prior chemotherapies 0.92 (0.70–1.21) 0.55 — — 0.88 (0.69–1.12) 0.30 — —
Lenalidomide versus no lenalidomide 0.61 (0.32–1.20) 0.15 — — 0.65 (0.36–1.15) 0.14 — —
Diabetes versus no diabetes 0.54 (0.25–1.19) 0.14 — — 0.67 (0.32–1.38) 0.29 — —
CR/PR at transplant versus SD/PD 2.42 (0.95–6.17) 0.07 — — 4.85 (2.09–11.27) 0.03 3.88 (1.16–13.00) 0.03
PB CD34+ count before first collection 1.40 (1.19–1.66) < 0.01 1.39 (1.17–1.65) 0.02 1.15 (1.09–1.21) < 0.01 1.13 (1.07–1.20) < 0.01
P-PL versus S-PL 16.14 (7.75–33.62) < 0.01 4.05 (1.19–13.83) 0.03 2.98 (1.59–5.59) < 0.01 3.09 (1.04–9.23) 0.04

CCI, Charlson Comorbidity Index; CI, confidence interval; CR, complete response; OR, odds ratio; PD, progressive disease; P-PL, pre-emptive plerixafor; PR, partial
response; PS, performance status; SD, stable disease; S-PL, standard plerixafor.

a Likelihood ratio P value for univariable analysis.
b Wald P value for multivariable analysis.

Table 4
Cost Analysis Inputs and Results by Scenario and With versus Without Hospitalization Costs.

INPUTS
Medications ASP Source

Filgrastim 30 MU/300 mcg 1 ml single $302.40 CMSa

Plerixafor 1.2 ml of 20 mg/1 ml solution $7541.40 CMSa

Procedures
Subcutaneous injection (CPT 96,372) $25.84 CMSb

Peripheral blood stem cell collection autologous (CPT 38,206) $1098.22 CMSb

Cryopreservation (CPT 38,207) $354.39 CMSb

Thawing without wash (CPT 38,208) $354.39 CMSb

Other P-PL S-PL
Median hospitalization length of stay (days) 17 15.5 Study
Hospitalization day cost (non-profit) 2015 $2,413 Henry J. Kaiser Family

Foundationc

Adjusted to 2017 $2,576 Federal Reserved

Differential hospitalization cost for P-PL patients (based on 1.5 days addition length
of stay)

$3,620 Calculated

Total number of collections 299 133 Study
Average number of collections needed per patient to reach required dose of CD34+

cells
1.24 2.29 Calculated

RESULTS Per patient For panel of 5000 patients
Without hospitalization differential P-PL S-PL P-PL S-PL Savings, %
Scenario 1e $13,131 $24,270 $65,654,941 $121,349,200 46
Scenario 2f $13,163 $24,329 $65,815,235 $121,645,469 46
Scenario 3g $13,195 $24,388 $65,975,529 $121,941,738 46
Scenario 4h $13,259 $24,507 $66,296,116 $122,534,276 46
With hospitalization differential
Scenario 1e $16,995 $24,270 $84,976,057 $121,349,200 30
Scenario 2f $17,027 $24,329 $85,136,350 $121,645,469 30
Scenario 3g $17,059 $24,388 $85,296,644 $121,941,738 30
Scenario 4h $17,123 $24,507 $85,617,232 $122,534,276 30

ASP, average sales price; CMS, Centers for Medicare and Medicaid Services; P-PL, pre-emptive plerixafor administration; S-PL, standard plerixafor administration.
a https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Part-B-Drugs/McrPartBDrugAvgSalesPrice/2017ASPFiles.html.
b https://www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx.
c http://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day-by-ownership/?activeTab=map&currentTimeframe=0&selectedDistributions=

statelocal-government-hospitals.
d https://fred.stlouisfed.org/series/CPIMEDSL.
e Scenario 1: Filgrastim self-administered by patient on Days 1–4.
f Scenario 2: Filgrastim self-administered by patient on Days 1–3; Day 4 dose administered by clinician.
g Scenario 3: Days 1 and 4 Filgrastim administered by clinician; Days 2 and 3 self-administered by patient.
h Scenario 4: Days 1–4 Filgrastim administered by clinician.
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4. Discussion

Mobilization of hematopoietic progenitor cells can be achieved via
administration of G-CSF alone or in combination with chemotherapy
(e.g. cyclophosphamide or etoposide) or chemokine antagonists. [1]
When added to G-CSF or G-CSF plus chemotherapy, plerixafor increases
CD34+ cell numbers and decreases mobilization failure rates [16].
Plerixafor, in combination with G-CSF, is approved as an initial stem
cell mobilization regimen in lymphoma and myeloma, and is utilized in
situations where stem cell mobilization may prove more difficult
[19,20,22,23]. In addition, it is associated with improved stem cell
collection day predictability [10].

The current study suggests that the benefits of using plerixafor as a
stem cell mobilization regimen may be further enhanced by a pre-
emptive schedule, where plerixafor administration is initiated on the
evening prior to the first day of stem cell collection, as opposed to the
standard schedule, where plerixafor administration is initiated on the
evening prior to the second day of stem cell collection only if there is
insufficient yield on the first day. Our retrospective study found that
pre-emptive plerixafor administration significantly enhanced the effi-
ciency of stem cell collection, with most patients (77%) achieving the
minimum goal of 2 × 106 CD34+ cells/kg in one collection procedure.
On univariable analysis, pre-emptive plerixafor administration was the
only factor associated with the likelihood of achieving this number
during the first collection. Of note, on multivariable analysis, other
factors significantly associated with achieving the collection goal in 1
day included complete or partial response at the time of collection
(versus stable/progressive disease) and type 2 diabetes (versus no
diabetes). The latter result challenges published data indicating that the
presence of type 2 diabetes may lead to poor mobilization, and further
clarification of this finding would require additional study in a larger
patient cohort [26].

Failure to mobilize and procure adequate numbers of CD34+ cells
has tremendous impacts on patients who require transplantation,
adding to the overall cost of care due to repeat attempts at stem cell
mobilization, lost opportunity for transplantation which may be po-
tentially curative (in the case of lymphoma), and lost potential for
disease stabilization and prolongation of remission (in the case of
myeloma). Multiple groups have developed algorithms to predict mo-
bilization failure in order to predict which patients would best benefit
from addition of plerixafor to the mobilization regimen. Veltri et al.
evaluated lymphoma and myeloma patients undergoing stem cell mo-
bilization who received either planned Plerixafor as part of the mobi-
lization regimen versus an approach where plerixafor was only ad-
ministered to patients likely to fail mobilization (a just-in-time
approach) [27]. This study found that patients who received up-front
plerixafor experience a higher CD34+ yield, but at significantly in-
creased costs even when accounting for lowered apheresis and cryo-
preservation costs. Musto et al. evaluated mobilization failure in newly
diagnosed myeloma patients undergoing chemomobilization, a strategy
which usually results in significant CD34+ moblization. Their group
found that older patients, those with baseline cytopenias, those who
had received prior lenalidomide, and patients who had experienced
prior hematological toxicity were more likely to experience mobiliza-
tion failure and may benefit from addition of novel therapies [28].

While it is clear that addition of plerixafor can significantly enhance
stem cell yields, the cost of the agent largely prevents routine use in
patients who are not at risk of mobilization failure. For example,
Micallef and colleagues performed a cost-effectiveness analysis of a
risk-adapted algorithm wherein plerixafor was administered based on
programmatic thresholds for either peripheral blood CD34+ counts
and/or daily CD34+ yields. This study found that while addition of
plerixafor significantly increased costs, it also resulted in improvement
in peripheral blood CD34+ collection, increased numbers of patients
achieving CD34+ goals, fewer days of apheresis, and lower rates of
mobilization failure [29]. Olivieri et al. performed a retrospective study

of 1318 patients with myeloma and lymphoma undergoing mobiliza-
tion and developed a predictive model for mobilization failure which
included increasing age, lymphoma diagnosis, disease involvement in
the bone marrow, cytopenias preceding mobilization, prior mobiliza-
tion failure, and use of G-CSF alone [30]. These results enable the
identification of patients at very high risk of mobilization failure who
would likely benefit from additional strategies to prevent mobilization
failure.

Additional studies have demonstrated that the use of plerixafor for
stem cell mobilization is associated with favorable patient outcomes at
comparable or lower cost [17,18]. Current practices for stem cell mo-
bilization differ between countries and across the US, and these dif-
ferences can be largely attributed to the costs associated with mobili-
zation regimens [31,32]. Our US cost analysis, which was from the
payer perspective but is also relevant to healthcare provider organiza-
tions, showed that P-PL was associated with savings of 46% compared
with S-PL. When the incremental cost of the additional days of hospi-
talization was considered, the cost savings of P-PL still yielded sig-
nificant savings of 30% compared with S-PL. The major driver of cost
savings was the lower number of collections per patient observed in the
P-PL cohort. Further cost-savings can be achieved with the use of bio-
similar filgrastim.

To our knowledge, this manuscript is the first to describe a pro-
grammatic change in the overall mobilization strategy for the purpose
of enhancing patient access to apheresis and stem cell procurement.
This is also the first economic evaluation comparing the costs of P-PL
and S-PL, though there have been prior economic evaluations of pler-
ixafor in stem cell mobilization in general. A US study of multiple
myeloma and non-Hodgkin lymphoma patients showed a reduction in
plerixafor costs of 32% when its use was restricted to patients at risk of
poor mobilization [33]. In this study, the total costs of stem cell pro-
curement and medications (plerixafor and filgrastim) were estimated at
$16,696 [33]. This is markedly higher than the $13,131 to $13,259
observed in our study when the hospitalization differential is not con-
sidered, but comparable to our study when the longer average length of
stay of P-PL patients is taken into account. A UK study estimated the
cost of plerixafor (re-)mobilization in patients with Hodgkin’s disease,
non-Hodgkin lymphoma, and multiple myeloma at £12,679/patient
compared with £11,694/patient for comparable historical controls not
treated with plerixafor [34]. This corresponds to, respectively,
$19,019/patient and $17,541/patient at an average exchange rate of
$1.5: £1.0. These costs significantly exceed our estimated P-PL costs,
regardless of whether the additional length-of-stay in the P-PL cohort is
taken into account. Notably, plerixafor yielded savings of (£3828)/pa-
tient, or ($5742)/patient, in patients with lymphoma but was asso-
ciated with incremental costs of £5,245/patient, or $7,868/patient, in
patients with multiple myeloma [34]. A micro-simulation analysis in
the US of the expected lifetime cost of providing care for patients with
diffuse large B-cell lymphoma using filgrastim and plerixafor versus
filgrastim alone, linked an additional cost of $25,567 to an increase of
1.74 quality-adjusted life years. The incremental cost-utility ratio was
$14,735 per quality-adjusted life years gained [35]. While this incre-
mental cost is not directly comparable to our costs and savings esti-
mates, it underscores that the additional cost of stem cell mobilization
with filgrastim and plerixafor, and the quality-adjusted survival benefit
gained, is cost-effective at a relatively low willingness-to-pay threshold.

This study was designed as a retrospective, observational, non-
controlled, real-world study. Although such a design does not carry the
rigor of a randomized controlled trial and does not permit causal in-
ferences, observational studies provide a statistically valid method for
comparing the clinical and economic outcomes associated with the two
plerixafor mobilization strategies. In the absence of prospective clinical
trial results, our study shows an association between pre-emptive
plerixafor and a lower number of collection events required to achieve
CD34+ cell collection targets and a decrease of overall mobilization
costs.
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In conclusion, our stem cell mobilization experience suggests that
pre-emptive plerixafor administration in myeloma patients undergoing
ASCT may improve clinical and economic outcomes. Pre-emptive
plerixafor significantly increased CD34+ cell yield and the rate of
adequate CD34+ cells on Day 1 of collection. It is associated with
substantial cost savings compared with the standard strategy.

Author contributions

Concept and design: LA, AM, SS, CH
Data acquisition and management: LA, AM, SS, CH
Statistical analysis: YH
Economic analysis: IA, NA
Interpretation of data: all authors
Drafting of manuscript: LA, AM, and IA (with editorial support as

detailed above)
Critical review of manuscript: YH, KH, SS, TF, NA, CH, ED

Role of sanofi

Sanofi supported editorial services by MediTech Media under a di-
rect contract with this company. Past and current employees of Sanofi
included as co-authors on this paper refrained from undue influence. All
content decisions were made by the academic authors.

Declaration of Competing Interest

LA has provided advisory board and consultation services to
Astrazeneca. IA owns stock in Matrix45. By company policy, he cannot
hold equity in sponsor and client companies, perform services, or re-
ceive compensation independently from sponsor and client organiza-
tions. KH was an employee of Sanofi at the time of study conduct, owns
stock of Sanofi, and is currently an employee of Novartis. TF was an
employee of Sanofi at the time of study conduct, is currently an em-
ployee of Shire, and owns stock of Sanofi and Shire. CCH has served on
advisory boards for Celgene and Teva. ED is an employee and owns
stock of Sanofi. AM has received honoraria from Sanofi. All authors
received editorial support from Sanofi during the development of this
manuscript. YH, NA and SS have no conflicts to disclose.

Acknowledgments

We thank Samantha Jaglowski, MD, for her role in designing the
treatment plan. Editorial support was provided by Olga Ucar and
Mohan Harihar of MediTech Media, United Kingdom. The Writing
Committee consisted of LA, AM, and IA.

Funding

The study reported here was conducted independently without ex-
ternal funding.

References

[1] N.C.C.N. Clinical, Practice Guidelines in Oncology (NCCN Guidelines®) (online),
(2016) https://www.nccn.org/professionals/physician_gls/f_guidelines.asp.

[2] R.M. Lemoli, New strategies for stem cell mobilization, Mediterr. J. Hematol. Infect.
Dis. 4 (2012) e2012066.

[3] J.G. Bender, L.B. To, S. Williams, L.S. Schwartzberg, Defining a therapeutic dose of
peripheral blood stem cells, J. Hematother. 1 (1992) 329–341.

[4] D.S. Allan, M. Keeney, K. Howson-Jan, J. Popma, K. Weir, M. Bhatia, et al., Number
of viable CD34(+) cells reinfused predicts engraftment in autologous hemato-
poietic stem cell transplantation, Bone Marrow Transplant. 29 (2002) 967–972.

[5] S. Kumar, Stem cell transplantation for multiple myeloma, Curr. Opin. Oncol. 21
(2009) 162–170.

[6] E. Ashihara, C. Shimazaki, A. Okano, M. Hatsuse, A. Okamoto, K. Shimura, et al.,
Infusion of a high number of CD34+ cells provides a rapid hematopoietic recovery
and cost savings in autologous peripheral blood stem cell transplantation, Jpn. J.
Clin. Oncol. 32 (2002) 135–139.

[7] C. Faucher, A.G. Le Corroller, C. Chabannon, P. Viens, A.M. Stoppa, R. Bouabdallah,
et al., Autologous transplantation of blood stem cells mobilized with filgrastim
alone in 93 patients with malignancies: the number of CD34+ cells reinfused is the
only factor predicting both granulocyte and platelet recovery, J. Hematother. 5
(1996) 663–670.

[8] C. Scheid, A. Draube, M. Reiser, A. Schulz, J. Chemnitz, S. Nelles, et al., Using at
least 5x10(6)/kg CD34+ cells for autologous stem cell transplantation significantly
reduces febrile complications and use of antibiotics after transplantation, Bone
Marrow Transplant. 23 (1999) 1177–1181.

[9] W. Bensinger, J.F. DiPersio, J.M. McCarty, Improving stem cell mobilization stra-
tegies: future directions, Bone Marrow Transplant. 43 (2009) 181–195.

[10] Slater S. Plerixafor, J. Adv. Pract. Oncol. 3 (2012) 49–54.
[11] L.N. Gordan, M.W. Sugrue, J.W. Lynch, K.D. Williams, S.A. Khan, J.R. Wingard,

et al., Poor mobilization of peripheral blood stem cells is a risk factor for worse
outcome in lymphoma patients undergoing autologous stem cell transplantation,
Leuk. Lymphoma 44 (2003) 815–820.

[12] P. Shaughnessy, N. Chao, J. Shapiro, K. Walters, J. McCarty, S. Abhyankar, et al.,
Pharmacoeconomics of hematopoietic stem cell mobilization: an overview of cur-
rent evidence and gaps in the literature, Biol. Blood Marrow Transplant. 19 (2013)
1301–1309.

[13] L.J. Bendall, K.F. Bradstock, G-CSF: from granulopoietic stimulant to bone marrow
stem cell mobilizing agent, Cytokine Growth Factor Rev. 25 (2014) 355–367.

[14] I. Petit, M. Szyper-Kravitz, A. Nagler, M. Lahav, A. Peled, L. Habler, et al., G-CSF
induces stem cell mobilization by decreasing bone marrow SDF-1 and up-regulating
CXCR4, Nat. Immunol. 3 (2002) 687–694.

[15] M. Steinberg, M. Silva, Plerixafor: a chemokine receptor-4 antagonist for mobili-
zation of hematopoietic stem cells for transplantation after high-dose chemotherapy
for non-Hodgkin’s lymphoma or multiple myeloma, Clin. Ther. 32 (2010) 821–843.

[16] M. Mohty, R.F. Duarte, S. Croockewit, K. Hubel, G. Kvalheim, N. Russell, The role of
plerixafor in optimizing peripheral blood stem cell mobilization for autologous stem
cell transplantation, Leukemia 25 (2011) 1–6.

[17] J.F. DiPersio, I.N. Micallef, P.J. Stiff, B.J. Bolwell, R.T. Maziarz, E. Jacobsen, et al.,
Phase III prospective randomized double-blind placebo-controlled trial of plerixafor
plus granulocyte colony-stimulating factor compared with placebo plus granulocyte
colony-stimulating factor for autologous stem-cell mobilization and transplantation
for patients with non-Hodgkin’s lymphoma, J. Clin. Oncol. 27 (2009) 4767–4773.

[18] J.F. DiPersio, E.A. Stadtmauer, A. Nademanee, I.N. Micallef, P.J. Stiff, J.L. Kaufman,
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 mye-
loma, Blood 113 (2009) 5720–5726.

[19] S. Fruehauf, Current clinical indications for plerixafor, Transfus. Med. Hemother. 40
(2013) 246–250.

[20] G. Tricot, M.H. Cottler-Fox, G. Calandra, Safety and efficacy assessment of plerix-
afor in patients with multiple myeloma proven or predicted to be poor mobilizers,
including assessment of tumor cell mobilization, Bone Marrow Transplant. 45
(2010) 63–68.

[21] A. Mazumder, J. Kaufman, R. Niesvizky, S. Lonial, D. Vesole, S. Jagannath, Effect of
lenalidomide therapy on mobilization of peripheral blood stem cells in previously
untreated multiple myeloma patients, Leukemia 22 (1280) (2008) 1281–1282 1;
author reply.

[22] I.N. Micallef, A.D. Ho, L.M. Klein, S. Marulkar, P.J. Gandhi, G. Calandra, et al.,
Plerixafor (Mozobil) for stem cell mobilization in patients with multiple myeloma
previously treated with lenalidomide, Bone Marrow Transplant. 46 (2011)
350–355.

[23] U. Popat, R. Saliba, R. Thandi, C. Hosing, M. Qazilbash, P. Anderlini, et al.,
Impairment of filgrastim-induced stem cell mobilization after prior lenalidomide in
patients with multiple myeloma, Biol. Blood Marrow Transplant. 15 (2009)
718–723.

[24] Kaiser Family Foundation. State Health Facts (Health Costs and Budgets): Hospital
Adjusted Expenses Per Inpatient Day by Ownership, (2015) 2017 http://www.kff.
org/health-costs/state-indicator/expenses-per-inpatient-day-by-ownership/?
activeTab=map&currentTimeframe=0&selectedDistributions=statelocal-
government-hospitals.

[25] FRED® Economic Research. Consumer Price Index for All Urban Consumers:
Medical Care, (2017) 2017 https://fred.stlouisfed.org/series/CPIMEDSL.

[26] J.F. DiPersio, Diabetic stem-cell "mobilopathy", N. Engl. J. Med. 365 (2011)
2536–2538.

[27] L.W. Veltri, A. Cumpston, A. Shilingburg, C. Lipinski, S. Wen, S. Leadmon,
K. Watkins, M.D. Craig, M. Hamadani, A.S. Kanate, Cost and efficacy of upfront
plerixafor versus a "Just-in-Time" (JIT) approach in hematopoietic progenitor cell
(HPC) mobilization, Blood 124 (2014) 1127.

[28] P. Musto, V. Simeon, A. Grossi, F. Gay, S. Bringhen, A. Larocca, R. Guariglia,
G. Pietrantuono, O. Villani, G. D’Arena, C. Cuomo, C. Musto, F. Morabito,
M.T. Petrucci, M. Offidani, E. Zamagni, P. Tacchetti, C. Conticello, G. Milone,
A. Palumbo, M. Cavo, M. Boccadoro, Predicting poor peripheral blood stem cell
collection in patients with multiple myeloma receiving pre-transplant induction
therapy with novel agents and mobilized with cyclophosphamide plus granulocyte-
colony stimulating factor: results from a Gruppo Italiano Malattie EMatologiche
dell’Adulto Multiple Myeloma Working Party study, Stem Cell Res. Ther. 6
(2015) 64.

[29] I.N.M. Micallef, S. Sinha, D.A. Gastineau, R. Wolf, D.J. Inwards, M.A. Gertz,
S.R. Hayman, W.J. Hogan, P.B. Johnston, M.Q. Lacy, S.M. Ansell, F. Buadi,
D. Dingli, A. Dispenzieri, M.R. Litzow, L.F. Porrata, J.L. Winters, S. Kumar, Cost-
effectiveness analysis of a risk-adapted algorithm of plerixafor use for autologous
peripheral blood stem cell mobilization, Biol. Blood Marrow Transplant. 19 (2013)
87–93.

L.A. Andritsos, et al. Leukemia Research 85 (2019) 106215

7

https://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0010
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0010
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0015
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0015
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0020
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0020
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0020
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0035
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0035
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0035
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0035
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0035
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0040
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0040
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0040
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0040
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0050
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0065
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0065
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0070
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0070
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0070
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0075
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0075
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0075
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0080
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0080
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0080
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0090
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0090
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0090
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0090
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0095
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0095
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0100
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0100
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0100
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0100
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0115
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0115
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0115
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0115
http://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day-by-ownership/?activeTab=map%26currentTimeframe=0%26selectedDistributions=statelocal-government-hospitals
http://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day-by-ownership/?activeTab=map%26currentTimeframe=0%26selectedDistributions=statelocal-government-hospitals
http://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day-by-ownership/?activeTab=map%26currentTimeframe=0%26selectedDistributions=statelocal-government-hospitals
http://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day-by-ownership/?activeTab=map%26currentTimeframe=0%26selectedDistributions=statelocal-government-hospitals
https://fred.stlouisfed.org/series/CPIMEDSL
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0130
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0130
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0135
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0135
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0135
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0135
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0145


[30] J. Olivieri, I. Attolico, R. Nuccorini, S.P. Pascale, M. Chiarucci, M. Poiani,
P. Corradini, L. Farina, G. Gaidano, L. Nassi, S. Sica, N. Piccirillo, P.E. Pioltelli,
M. Martino, T. Moscato, M. Pini, F. Zallio, F. Ciceri, S. Marktel, A. Mengarelli,
P. Musto, S. Capria, F. Merli, K. Codeluppi, G. Mele, F. Lanza, G. Specchia,
D. Pastore, G. Milone, F. Saraceni, E. DiNardo, P. Perseghin, A. Olivieri, Predicting
failure of hematopoietic stem cell mobilization before it starts: the predicted poor
mobilizer (pPM) score, Bone Marrow Transplant. 53 (2018) 461–473.

[31] I. Pusic, S.Y. Jiang, S. Landua, G.L. Uy, M.P. Rettig, A.F. Cashen, et al., Impact of
mobilization and remobilization strategies on achieving sufficient stem cell yields
for autologous transplantation, Biol. Blood Marrow Transplant. 14 (2008)
1045–1056.

[32] W.A. Wood, J. Whitley, D. Moore, A. Sharf, R. Irons, K. Rao, et al.,

Chemomobilization with etoposide is highly effective in patients with multiple
myeloma and overcomes the effects of age and prior therapy, Biol. Blood Marrow
Transplant. 17 (2011) 141–146.

[33] V.H. Wehr, J.M. Comeau, Efficacy and cost analysis of a plerixafor protocol for
peripheral blood stem-cell mobilization in patients with multiple myeloma or non-
Hodgkin lymphoma, J. Hematol. Oncol. Pharm. 6 (2016) 139–143.

[34] A.P. Martin, S. Richards, A. Haycox, R. Houten, C. McLeod, B. Braithwaite, et al.,
Evaluating the use of plerixafor in stem cell mobilisation - an economic analysis of
the PHANTASTIC trial, J. Clin. Apher. 31 (2016) 434–442.

[35] S.M. Kymes, I. Pusic, D.L. Lambert, M. Gregory, K.R. Carson, J.F. DiPersio,
Economic evaluation of plerixafor for stem cell mobilization, Am. J. Manag. Care 18
(2012) 33–41.

L.A. Andritsos, et al. Leukemia Research 85 (2019) 106215

8

http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0155
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0155
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0155
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0155
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0165
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0165
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0165
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0170
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0170
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0170
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0175
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0175
http://refhub.elsevier.com/S0145-2126(19)30160-2/sbref0175

	Clinical and cost outcomes of pre-emptive plerixafor administration in patients with multiple myeloma undergoing stem cell mobilization
	Introduction
	Materials and methods
	Study design
	Statistical considerations
	Cost analysis

	Results
	Patients
	Stem cell collection
	Cost analysis

	Discussion
	Author contributions
	Role of sanofi
	mk:H1_13
	Acknowledgments
	Funding
	mk:H1_17
	References




