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ABSTRACT
Background: In recent years, plerixafor, a CXCR4 chemokine receptor inhibitor, has emerged as
a promising agent for the mobilization of hematopoietic stem cells (HSCs) when combined with
other mobilizers such as granulocyte colony-stimulating factor (G-CSF) and chemotherapy in pa-
tients with multiple myeloma and lymphoma undergoing autologous peripheral blood stem cell
transplantation (APBSCT). Our facility has recently implemented plerixafor as a specialized rescue
treatment in lymphoma patients who are at risk or have experienced mobilization failure with G-
CSF. Case Series: We present five cases of lymphoma in young adult patients (26 to 49 years old),
comprising two cases of Hodgkin lymphoma and three cases of diffuse large B-cell lymphoma. All
five patients presentedwith advanced stage IV disease. Three patients received plerixafor following
initialmobilization failurewithG-CSF-basedprotocols, onepatient receivedplerixafor preemptively,
and one patient received it as an upfront treatment strategy. Outcomes: All five cases achieved a
collection of CD34+ cells exceeding 2× 106 cells/kg (ranging from 2.67 to 3.95× 106 cells/kg) af-
ter a single mobilization involving plerixafor, and no adverse reactions were reported. Conclusion:
Our findings highlight the significant enhancement of HSCs mobilization achieved with plerixafor
compared to traditional methods. Plerixafor is not only highly effective but also safe for use in lym-
phoma patients. These case series findings underscore its value as a key tool in optimizing HSCs
collection for successful APBSCT.
Key words: Autologous, Hematopoietic stem cell transplantation, Peripheral blood stem cells,
Plerixafor, Stem cell mobilization

INTRODUCTION
Autologous peripheral blood stem cell transplan-
tation (APBSCT) and salvage chemotherapy con-
tinue to be the recommended treatment approach
for aggressive non-Hodgkin lymphoma (NHL) pa-
tients in the high to intermediate risk category and
for those with relapsed or refractory Hodgkin lym-
phoma (HL)1,2. In order to conduct a success-
ful APBSCT, it is imperative to collect an adequate
quantity of peripheral blood haematopoietic stem
cells (PBSCs), where a minimum of 2.0×106 cells/kg
of CD34+ is necessary for engraftment, and 5.0×106

cells/kg is associated with faster engraftment3. Suc-
cessful mobilization is defined as the collection of a
CD34+ dose of ≥2.0×106 cells/kg by leukapheresis
after a single mobilization procedure4 . The stan-
dard approach for mobilizing HSCs involves the use
of granulocyte colony-stimulating factor (G-CSF) in

combination with chemotherapy agents. Neverthe-
less, this method has been linked to a significant fail-
ure rate in mobilization5.
Since 2008, the European Medicines Agency (EMA)
and the Food and Drug Administration have granted
authorization for the use of plerixafor, a CXCR4
chemokine receptor antagonist, in conjunction with
G-CSF and chemotherapy for more rapid and suc-
cessful HSC mobilization6. The efficacy of plerix-
afor in haematological malignancy stems from its
ability to disrupt the interaction between malignant
cells and their protective environment. By inhibit-
ing the binding of CXCL-12 to its receptor CXCR4,
plerixafor interferes with the interaction between
tumours and their stroma, thereby hindering the sig-
nalling that sustains the survival and protection of
leukaemia stem cells within the stem cell niche. This
mobilization of leukaemia cells from the protective
stromal environment renders them more susceptible
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to cytotoxic therapy, potentially augmenting the ef-
fectiveness of treatment7.
Our facility recently implemented plerixafor at the
end of 2022 as a specialized rescue treatment in lym-
phoma patients planned for APBSCT who have en-
countered limited success with G-CSF-based HSC
mobilization. In this report, we present a collec-
tion of cases illustrating the successful mobilization
of HSCs through the administration of plerixafor in
combination with G-CSF and chemotherapy in lym-
phoma patients planned for APBSCT, and who are at
risk of or have previously experienced mobilization
failure with G-CSF.

CASE PRESENTATION
Case 1
A 26-year-old gentleman was diagnosed with stage
IV nodular sclerosing HL. He underwent two
rounds of chemotherapy, which consisted of doxoru-
bicin, bleomycin, vinblastine, dacarbazine (ABVD)
and ifosfamide, cyclophosphamide, etoposide (ICE).
Throughout the chemotherapy treatment, he did not
experience any complications. The first mobilization
with G-CSF (up to 900 µg/day) and etoposide (3248
mg once daily [OD]) without plerixafor was unsuc-
cessful; the highest peripheral blood (PB) CD34+

cell concentration (on day 16 of mobilization) was
7.66 cells/µL, with only a total CD34+ cell dose of
0.82 × 106 cells/kg collected within two days using
the COM.TEC® apheresis system (Fresenius, Lake
Zurich, Illinois). Subsequently, 20 mg plerixafor was
given on day 12 of mobilization, along with etopo-
side (3248 mg OD) and G-CSF (up to 900 µg/day),
during the second mobilization period. The highest
PB CD34+ cell concentration achieved was 158.27
cells/µL (on day 14 of mobilization), resulting in a
CD34+ cell dose of 3.26 × 106/kg in a single leuka-
pheresis using the same apheresis system as the
first mobilization, with normal apheresis volume ap-
proaches (2.5 to 3 times the patient’s total blood vol-
ume) (Figure 1). He underwent APBSCT and suc-
cessfully engrafted without any complications.

Case 2
A 27-year-old gentleman was diagnosed with stage
IV classical HL. He completed two rounds of
chemotherapy prior to mobilization and did not ex-
perience any complications. He underwent the first
mobilization while on third-line chemotherapy con-
sisting of the ICE regimen. The first mobilization
using G-CSF (500 µg/day) and ICE was unsuccess-
ful, where the highest PB CD34+ cell concentration

was only 10.34 cells/µL (on day 16 of mobilization).
However, harvesting did not proceed as anticipated,
and collection was unsuccessful. The second mobi-
lization was then carried out with an additional 20
mg plerixafor on day 14 and day 15 of mobilization,
along with G-CSF (500 µg/day) and ICE.The highest
PB CD34+ concentration was 21.07 cells/µL (on day
16 of mobilization), yielding 3.47 × 106/kg of har-
vested cells (within two days) using the COM.TEC®
apheresis system (Fresenius, Lake Zurich, Illinois)
with normal apheresis volume approaches. Until
this reported case, he has not yet consented to PBSC
infusion, despite the disease being stable. The har-
vested products remain in storage for future PBSC
infusion once the patient provides consent, and he
continued with regular follow-up for disease moni-
toring and treatment.

Case 3
A 49-year-old Chinese gentleman had extranodal
diffuse large B-cell lymphoma (DLBCL), stage IV
with bone marrow involvement. He completed two
rounds of the ABVD regimen and bleomycin, etopo-
side, doxorubicin, cyclophosphamide, vincristine,
procarbazine, prednisone (BEACOPP) prior to the
first mobilization. He experienced unsuccessful mo-
bilization using G-CSF (up to 900 µg/day) and RICE,
achieving a highest PB CD34+ cell concentration of
12.17 cells/µL (day 20 of mobilization) and only 0.93
× 106/kg of CD34+ cells after two days of collection
with the COM.TEC® apheresis system (Fresenius,
Lake Zurich, Illinois) under normal apheresis vol-
ume approaches. A repeated PET-CT scan showed
residual active disease in the pelvis, and he was ad-
vised to undergo third-line chemotherapy. Simul-
taneously, the second mobilization with plerixafor,
along with G-CSF and etoposide, was successfully
attempted, resulting in a highest PB CD34+ concen-
tration of 38.46 cells/µL (day 17 ofmobilization) with
3.12 × 106 cells/kg of CD34+cells collected in a sin-
gle leukapheresis using the Amicus® Cell separa-
tor system (Fresenius, Lake Zurich, Illinois), again
with normal apheresis volume approaches. He un-
derwent APBSCT and successfully engrafted with-
out any complications.

Case 4
A 49-year-old male patient was diagnosed with
stage IV DLBCL. He was initially treated with ritux-
imab, cyclophosphamide, doxorubicin, vincristine,
and prednisolone (R-CHOP) for six cycles. The pa-
tient experienced recurrent febrile neutropenia dur-
ing the third cycle; thus, subsequent R-CHOP cycles
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Figure 1: Examples of the first case CD34 stem cell enumeration using flow cytometry with themodified
International Society of Hematotherapy and Graft Engineering (ISHAGE) protocol gating strategy. The
CD34+ nucleated cells are represented in the colour red. (A) Illustrates pre-plerixafor with failed mobilization,
while (B) illustrates successful mobilization of stem cells achieved post-plerixafor.

were reduced to 75%. During the fifth cycle, the pa-
tient also had a perforation of the sigmoid colon, a
rare complication of chemotherapy. Considering the
disease progression detected by a positron emission
tomography (PET) scan upon completion of the R-
CHOP regimen, one cycle of RICE and three cycles
of rituximab, dexamethasone, high-dose cytarabine,
cisplatin (R-DHAC)were initiated. No severe known
complications of chemotherapy were reported. Ini-
tially, the PB CD34 count was 13.10 cells/µL on day
17 while mobilized with RICE and G-CSF alone. Due
to the limited circulating PB CD34+ cells, an addi-
tional 20 mg plerixafor was given on day 17 of mo-
bilization, increasing the PB CD34 count to 60.19
cells/µL.The collection dose for PBSC harvesting (on
day 18 of mobilization) was 3.76 × 106 cells/kg in a
single leukapheresis using the COM.TEC® apheresis
system (Fresenius, Lake Zurich, Illinois) with nor-
mal apheresis volume approaches. However, the pa-
tient succumbed to complications of the disease be-
fore undergoing APBSCT.

Case 5
A 45-year-old male was diagnosed with stage IV DL-
BCL and was started on frontline chemotherapy of
R-CHOP for six cycles. A PET scan revealed active
lymphoma in the cervical lymph nodes, and he con-
tinued with RICE for four cycles. The initial mobiliz-
ing agents used were RICE and G-CSF. Stem cell col-
lection via the COM.TEC® apheresis system (Frese-
nius, Lake Zurich, Illinois) only yielded 0.62 and 0.67

× 106 cells/kg of CD34+ cells on two attempts. How-
ever, a PET scan following second-line chemother-
apy indicated active lymphomatous disease in the
cervical, abdominal, and pelvic lymph nodes. Sub-
sequently, three cycles of R-DHAC were adminis-
tered. R-DHAC and G-CSF were the second mo-
bilizing agents. On day 12 and day 14, two doses
of 20 mg plerixafor were added to the mobilization
protocol. On day 15 of mobilization, the PB CD34
count was 57.10 cells/µL. The PBSCs were success-
fully collected, giving a dose of 3.95× 106 cells/kg in
a single leukapheresis using the Amicus® Cell sepa-
rator system (Fresenius, Lake Zurich, Illinois), with
normal apheresis volume approaches. Until this re-
ported case, he has not yet undergone APBSCT due
to active disease and is currently receiving salvage
chemotherapy. The harvested products were stored
for future PBSC infusion once a partial response is
achieved following salvage chemotherapy.
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Table 1: Summary of the clinical and laboratory result of the patients

Variables Case 1 Case 2 Case 3 Case 4 Case 5
Age (years) 26 27 49 49 45
Gender Male Male Male Male Male
Diagnosis HL Classical HL DLBCL DLBCL DLBCL
Stage at diagnosis IV IV IV IV IV
Marrow infiltration Unknown No Yes No No
Body weight (kg) 87 52 53 75.5 78
Chemotherapy
1st line ABVD ABVD ABVD R-CHOP R-CHOP
2nd line ICE BEACOPP ICE RICE RICE
3rd line - ICE DAC R-DHAC R-DHAC
Number of mobiliza-
tions

2 2 2 1 1

H/o irradiation No No No No No
Mobilizer agent
1st mobilization G-CSF + etoposide G-CSF + ICE G-CSF + RICE Plerixafor + G-CSF +

RICE
RICE + G-CSF

2nd mobilization Plerixafor + G-CSF +
etoposide

Plerixafor + G-CSF + ICE Plerixafor + G-CSF +
etoposide

Not related Plerixafor + R-DHAC + G-CSF

Reason of plerixafor
usage

Re-mobilization in previously unsuccessful mobilization Pre-emptive use Upfront employment on 2nd

mobilization
Volume of blood
processed (mL)*
1st mobilization 11,500 11,000 11,500 11,500 11,000
2nd mobilization 11,500 11,000 12,000 11,500 12,000
Maximum PB CD34+

count (cells/ml)
1st mobilization 7.66 10.34 12.17 60.19 37.38
2nd mobilization 158.27 21.07 38.46 Not related 57.10

Continued on next page
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Table 1 continued
Variables Case 1 Case 2 Case 3 Case 4 Case 5
CD34+ dosage (x106

cells/kg)
1st mobilization 0.82 (2 days) Unsuccessful 0.93 (2 days) 3.76 (1 day) 1.29 (2 days)
2nd mobilization 3.26 (1 day) 3.47 (2 days) 3.12 (1 day) Not related 3.95 (1 day)
Name of apheresis
collection system
used
1st mobilization COMTEC® apheresis

system
Not related COMTEC® apheresis

system
COMTEC® apheresis

system
COMTEC®

apheresis system
2nd mobilization COMTEC® apheresis

system
COMTEC® apheresis

system
Amicus® separator

system
Amicus® separator system

Infusion status Yes No Yes No (died) No
Engraftment status Yes Not related Yes Not related Not related
Neutrophil Day 12 - Day 14 - -
Platelet Day 21 - Day 20 - -

Abbreviations: ABVD: doxorubicin, bleomycin, vinblastine, dacarbazine, BEACOPP: bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone,DAC: dexamethasone, carboplatin, cytarabine,
DLBCL: diffuse large B-cell lymphoma, HL: Hodgkin lymphoma, Hyper CVAD: cyclophosphamide, doxorubicin hydrochloride, vincristine, methotrexate, cytarabine, ICE: ifosfamide, cyclophosphamide, etoposide, R-CHOP:
rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone,R-DHAC: rituximab, dexamethasone, high-dose cytarabine, cisplatin, andRICE: rituximab, ifosfamide, cyclophosphamide, etoposide are commonly referenced
acronyms in lymphoma treatment regimens. The asterisk (*) denotes 2.5 to 3 times the patient’s current total blood volume for each day.
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Table 1 provides a comprehensive summary of six
case series, offering detailed insights into each se-
ries, including the type and stage of the disease,
the chemotherapy initiated, and the mobilizer agent
used. Additionally, the table outlines key data points
related to mobilization procedures, such as the max-
imum white blood cell (WBC) count, maximum PB
CD34 count, and CD34+ cell dosage for both the first
and second mobilizations. This structured presenta-
tion allows for a clear understanding of the varied
aspects of each case series, facilitating a comprehen-
sive analysis of the mobilization outcomes and asso-
ciated parameters.

DISCUSSION
According to a review conducted by the European
Group for Blood and Marrow Transplantation fo-
cusing on autologous hematopoietic stem cell mo-
bilization in myeloma and lymphoma patients, sev-
eral factors influence the outcomes of mobilization
procedures. These factors encompass various pa-
rameters, including older age, disease staging, prior
chemotherapy (such as fludarabine treatment), and
the count of CD34+ cells in peripheral blood before
apheresis, particularly in autologous cases8. Lanza
et al. elucidated in their study that the predictive fac-
tors influencing successful mobilization with plerix-
afor are a baseline platelet count of more than 150
x 109/L, the absence of prior radiotherapy, and the
non-utilization of fludarabine as significant determi-
nants9.
In the realm of autologous transplantation, the ap-
plication of plerixafor can be categorized into three
specific strategies: delayed re-mobilization, pre-
emptive use, and upfront utilization. Delayed re-
mobilization is employed when a previous mobi-
lization cycle has yielded unsatisfactory results, as
shown in four of the presented cases (Cases 1 to 3),
and it is not affordable for all patients due to its high
cost. Pre-emptive use is typically reserved for cases
where there is a limited number of circulating PB
CD34+ cells (generally <10 cells/µL) prior to initi-
ating leukocytapheresis, as shown in Case 410. On
the other hand, upfront utilization is chosen in sit-
uations where there is an anticipated likelihood of
mobilization failure, as shown in Case 5.
The utilization of plerixafor has demonstrated an im-
provement in CD34 yield, as indicated by a liter-
ature review conducted by Zhuang et al. In their
study, the initial-day collection yields before admin-
istering plerixafor ranged from 0.19 to 2.38 (median
1.67) x 106 CD34+ cells/kg recipient weight. Follow-
ing the administration of plerixafor, the collection

yield increased significantly by approximately 10-
fold, ranging from 1.61 to 7.85 x 106 CD34+ cells/kg
recipient weight11. Similarly, in all cases described
in the case series, five of the six cases showed an im-
proved CD34 yield to >3.0 x 106 cells/kg after plerix-
afor administration, indicating successful mobiliza-
tion.
According to DiPersio JF’s study examining
plerixafor safety and effectiveness in mobilizing
hematopoietic stem cells for APBSCT among
298 NHL patients and 302 patients with multi-
ple myeloma, it was discovered that combining
plerixafor with G-CSF resulted in a significantly
higher proportion of patients achieving the desired
CD34+ cell threshold for transplantation in fewer
apheresis days compared to using only placebo
and G-CSF. Additionally, 90% of patients in the
plerixafor group underwent transplantation after
initial mobilization. The study also underscored
the well-tolerated nature of plerixafor and G-CSF,
with gastrointestinal disorders and injection site
reactions being the most common adverse events
associated with plerixafor12,13. In addition, Lanza
et al. reported that pairing biosimilar filgrastim
with plerixafor shows promise, demonstrating
effectiveness comparable to, if not greater than,
that of the originator filgrastim and plerixafor
combination in mobilizing stem cells for high-risk
patients14.
Plerixafor has proven effective in mobilizing
hematopoietic stem cells. In another study aimed at
comparing the yield of the CD34 product with and
without the use of plerixafor, the author discovered
that the average CD34/kg product obtained in the
non-plerixafor group was 0.2 x 106 cells. None of the
patients in this group received an adequate product
(≥ 2 x 106 cells/kg) for subsequent autologous
transplantation. However, when plerixafor was
utilized, the average CD34/kg product obtained was
2.3 x 106 cells. As in our cases, all patients yielded
adequate CD34 products with the use of plerix-
afor15. Prior research conducted in Turkey focused
on 20 patients with lymphoma and myeloma who
had previously experienced unsuccessful mobi-
lization attempts using either G-CSF alone or in
combination with chemotherapy. Their study found
that when plerixafor was administered alongside
G-CSF, it successfully facilitated the collection
of the minimum required CD34+ stem cells in
70% of the patients. Consequently, 80% of these
individuals were able to advance to autologous stem
cell transplantation16.
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Theuse of G-CSF in combinationwith chemotherapy
agents has been linked to a significant failure rate in
mobilization. This is primarily due to the inability of
G-CSF to stimulate the proliferation of long-term re-
populating HSCs, contributing to the elevated rate of
transplant failures5. However, when combined with
G-CSF, the failure rate of mobilization dropped to 4%
from 25%, as plerixafor antagonizes the CXCR4 re-
ceptor, which further inhibits the retention of HSCs
within the bone marrow niche6. This was shown in
the first four cases of the series, where adding pler-
ixafor to G-CSF boosted HSC collection in a shorter
amount of time. A previous study also supported
these findings, showing no increase in the number
of adverse events and reporting no treatment-related
deaths17.
The inclusion of plerixafor has been shown to re-
duce the number of leukaphereses and remobiliza-
tions while increasing the yield of CD34+ cells18.
This was observed in three of the six patients in this
case series (Cases 1, 3, and 5), all of whom required
only a single leukapheresis to achieve an adequate
CD34+ dose (>3 x 106 cells/kg), compared to pre-
vious mobilization with G-CSF and chemotherapy
alone. Furthermore, the pre-emptive use of plerix-
afor in Case 4 demonstrated successful HSC collec-
tion with a single mobilization.
However, despite its effectiveness, the high upfront
cost of plerixafor is a significant concern, espe-
cially in low- and middle-income countries, includ-
ing Malaysia. As mentioned in a previous study, de-
spite the predictable response resulting in the target
of CD34+ cells, the cost of plerixafor has restricted
its use, as the average wholesale package price for
one 1.2 mL vial of plerixafor is $8652.6819,20. The
actual mobilization cost of plerixafor was not ana-
lyzed in these reported cases. Future studies are rec-
ommended to evaluate the cost-effectiveness of on-
demand plerixafor use as a PBSC-mobilizing agent.
Therefore, plerixafor should be used for patients who
are poor mobilizers or have not succeeded with ini-
tial mobilization attempts. The current standard of
care for HSC mobilization includes a risk-adapted
strategy, incorporating plerixafor ”just in time” as
needed. Zanetti et al. demonstrated that the on-
demand addition of plerixafor is both safe and ef-
fective for stem cell mobilization in myeloma pa-
tients21. In addition to being an effective mobiliza-
tion regimen for lymphoma patients who experience
mobilization failure with G-CSF, plerixafor also ap-
pears to be safe and effective for patients with non-
hematologic diseases who struggle with insufficient
mobilization22.

The limited sample size of just five cases may not ac-
curately represent the true safety and effectiveness
of plerixafor for our population. Although all five
patients in these case series indicate that plerixafor
is a potentially safe and effective mobilizing agent
for optimizing HSC collection for successful APB-
SCT, successful mobilization with plerixafor does
not necessarily translate into a successful APBSCT.
Patients may succumb to complications of the pri-
mary disease before transplantation or reinfusion of
harvested PBSC products, as seen in Case 4. Ad-
ditionally, a delay in reinfusion due to active dis-
ease (Case 5) or a patient not being ready for reinfu-
sion (Case 2) leaves the clinical outcome uncertain.
Larger prospective studies are recommended to con-
firm these findings in the future.

CONCLUSION
In all current instances, because of multiple lines
of chemotherapy and extended treatment durations,
the quantity of CD34+ cells has been minimal.
Nonetheless, with the addition of plerixafor, the col-
lected CD34+ cells increased significantly compared
to the initial collection attempt. Furthermore, no sig-
nificant rise in adverse events was observed during
or before the collection process. These findings indi-
cate that incorporating plerixafor not only enhanced
the count of CD34+ cells obtained but also demon-
strated potential safety and effectiveness.

ABBREVIATIONS
ABVD (doxorubicin, bleomycin, vinblastine, dacar-
bazine); APBSCT (Autologous peripheral blood
stem cell transplant); BEACOPP (bleomycin, etopo-
side, doxorubicin, cyclophosphamide, vincristine,
procarbazine, prednisone); CD34+ (CD34 positive);
G-CSF (Granulocyte colony stimulating factor); HL
(Hodgkin lymphoma); HSCs (Haematopoietic stem
cells); ICE (ifosfamide, cyclophosphamide, etopo-
side); NHL (Non-Hodgkin lymphoma); PB (Periph-
eral blood); PBSCs (Peripheral blood stem cells);
PET (positron emission tomography); R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and prednisolone); R-DHAC (rituximab,
dexamethasone, high-dose cytarabine, cisplatin);
and WBC (White blood cell).
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