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Abstract 
Plerixafor is a stem cell mobilising agent, and when administered along with 
G-CSF has been shown to improve CD34+ stem cell collections in lymphoma 
and multiple myeloma patients compared to G-CSF alone. Patients who failed 
to mobilize <2.0 × 106 cells/kg on Day 1 collection received Plerixafor and G 
CSF for further collections. Study population was divided into two groups as 
plerixafor yes (PY) who are poor mobilizers and Plerixafor No (PN) who are 
good mobilizers. Out of 49 patients, 28 patients were in PY group and 21 pa-
tients in PN group. Median value of apheresis CD34 of day 1 was 1.75 (range 
0.258 to 8.52) in PY group and 2.63 (range 1.06 to 6.29) in PN group and that 
of day 2 was 3.845 (range 0.317 to 13.89) in PY group and 3.18 (range 0.88 to 
6.348) in PN group. Median value of total apheresis CD34 was 8.10 (range 
4.33 to 18.66) in PY group and 7.58 (range 4.06 to 9.8) in PN group. Median 
day of neutrophil engraftment was 11.5 (range 9 - 22) in PY group and 11 
(range 9 - 36) in PN group whereas median day of platelet engraftment was 
14 (range 9 - 98) in PY group and 13 (range 11 - 98) in PN group. It can be 
concluded that the use of plerixafor not only enabled poor mobilizers of 
Lymphoma and Multiple Myeloma to collect adequate stem cells to proceed 
to ASCT, but also had early neutrophil and platelet engraftment which was 
comparable with good mobilizers. 
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1. Introduction 

Plerixafor is a stem cell mobilising agent approved for use along with G-CSF in 
lymphoma and multiple myeloma patients whose cells mobilize poorly from 
bone marrow [1]. The most important risk factor for inadequate mobilization is 
prior chemotherapy that received especially those toxic to stem cells such as high 
dose cyclophosphamide (>7.5 g/m2), melphalan, carmustine, procarbazine, flu-
darabine, nitrogen mustard and chlorambucil. The other risk factors for poor 
mobilisation are listed in Table 1.  

Plerixafor is a CXCR4 receptor antagonist that reversibly inhibits the interac-
tion between CXCR4 and SDF-1α [4] [5] [6] [7]. Interruption of the recep-
tor-ligand interaction results in mobilization of CD34 hematopoietic stem cells 
to peripheral blood from bone marrow where they can be collected by leuka-
pheresis. Plerixafor when administered along with G-CSF has shown to improve 
CD34+ stem cell collections in lymphoma and multiple myeloma patients [8] 
[9]. Plerixafor is administered as a subcutaneous injection at a recommended 
dose of 0.24 mg/kg which results in sustained increase in circulating CD34+ 
cells. Dose adjustments are not needed for patients with hepatic or renal insuffi-
ciency and are well tolerated [10].  

Combination of plerixafor and G-CSF minimizes the requirement of remobi-
lization, allowing patients to proceed to transplantation with adequate stem cell 
yield. There is no proper definition of a poor mobilizer, but commonly used pa-
rameters like peripheral blood CD34+ stem cell count and stem-cell yield on the 
1st day of leukapheresis are quite acceptable. Adding plerixafor to G-CSF for ini-
tial mobilization therapy can be considered regardless of the underlying malig-
nancy [e.g. plasma cell dyscrasias (myeloma, amyloidosis), Non-Hodgkins lym-
phoma (NHL), Hodgkin lymphoma (HL) and germ-cell tumors]. For patients 
with low peripheral blood CD34+ count (for example, 10/μL) before stem-cell 
harvesting or with an inadequate first day leukapheresis, it is recommended that 
plerixafor be added to the mobilization regimen to increase stem-cell collection 
and prevent need for remobilization [10].  
 
Table 1. Risk factors and characteristics associated with poor autologous stem cell mobi-
lization [2] [3]. 

 Type and amount of chemotherapy received by patient prior to mobilization 

 Old age (>60 years) 

 History of Radiation therapy 

 Short interval period between chemotherapy and mobilization 

 Extensive disease 

 Bone marrow involvement 

 Use of immunomodulator like Lenalidomide 

 Poor marrow function (e.g., low platelet and CD34+ cell blood count) at time of mobilization 
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2. Material and Methods 

Our study was done at HCG hospital Bangalore which is a tertiary care oncology 
centre.  

Inclusion criteria: 1) Patients aged between 18 - 68 years; 2) Patients under-
going ASCT for multiple myeloma and lymphoma and 3) Patients received ≤ 3 
lines of induction chemotherapy. 

Exclusion criteria: 1) Patients aged <18 years or >68 years; 2) Patients under-
going ASCT for other indications. 

A total of 49 patients undergoing stem cell transplantation for hematological 
malignancies during the period of June 2016 to May 2018 were included after 
prior informed consent. The benefit of adding plerixafor to G-CSF as rescue 
during mobilization in poor mobilizers was analyzed. Of forty nine study popu-
lation, twenty eight patients received plerixafor along with G-CSF after Day 1 
collection due to poor yield. Twenty one patients whose stem cell mobilization 
was good received only G-CSF. Apheresis CD34 counts of <2.0 × 106 cells/kg 
were taken as cutoff. Patients who failed to mobilize this cut off value on Day 1 
collection received Plerixafor and G-CSF for further collection. Study population 
was divided into two groups as plerixafor yes (PY) who were poor mobilizers 
and Plerixafor No (PN) who were good mobilizers. Median values of apheresis 
on day 1 CD34 count, day 2 CD34 count was calculated and analyzed in the PY 
and PN groups. Median values of Neutrophil and platelet engraftment were also 
compared between PY and PN groups. Major factors responsible for poor mobi-
lization like age, comorbidities and previous lines of chemotherapy received 
were studied between the two groups. Chi-square test was used to find associa-
tion between categorical variables. P value < 0.05 was considered significant. 
Apheresis CD34 cells were expressed as no of cell ×106 cells/kg. Our study was 
approved by the Institutional Ethics Committee of Healthcare global enterprises 
limited.  

3. Results 

Forty-nine patients diagnosed to have multiple myeloma or Lymphoma who 
were in remission and required autologous peripheral blood stem cell transplant 
(ASCT) were enrolled in our study and their data was analyzed. Baseline charac-
teristics are listed in Table 2. Out of the forty-nine patients, 26 (53%) were male 
and 23 (47%) were female. The median age was 50 (18 - 68) years. Twenty six 
patients were diagnosed as multiple myeloma and the remaining twenty three as 
lymphoma. Of the 23 lymphoma patients, 12 were of diffuse large B cell lym-
phoma (DLBCL) type, Hodgkin lymphoma (HL) constituted 7, 3 had T cell 
lymphoma and 1 patient was of Mantle cell lymphoma. 57.1% of the study group 
were Good mobilizers (PN) where plerixafor was not used and 42.9% of the 
study group were poor mobilizers (PY) who received plerixafor. The median age 
of patients in PY group was 49.5 (19 - 68) which is lesser than the median age of 
patients in PN group 53 (18 - 67). Out of 31 patients who received one line of  
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Table 2. Baseline characteristics (data are represented as median, range and percentage). 

Baseline Parameters N 

Median Age (range) 50 (18 - 68) 

Gender (%)  

Male 26 (53%) 

Female 23 (47%) 

Co-morbidities (%)  

Diabetes Mellitus 7 (14.3%) 

Hypertension 5 (10.2%) 

Hypothyroidism 3 (6.1%) 

HBSAg + ve 1 (2%) 

HIV + ve 1 (2%) 

Polio LL 1 (2%) 

Induction Chemotherapy (%)  

Single Line 31 (63.3%) 

Multiple Line 18 (36.7%) 

Poor Mobilizers (%) 28 (57.1%) 

Good Mobilizers (%) 21 (42.9%) 

 
chemotherapy, 16 patients (51.6%) were in PY group and 15 (48.4%) in the PN 
group. Out of 18 patients who received multiple lines of chemotherapy, 12 pa-
tients (66.6%) were in PY group and 6 patients (33.3%) in the PN group. Aver-
age leukapheresis per person was 2.64 in PY group and 2.47 in the PN group. 
Median value of apheresis CD34 count on day 1 was 1.75 (range 0.258 - 8.52) in 
PY group and 2.63 (range 1.06 - 6.29) in the PN group. Day 2 collection of stem 
cells was 3.845 (range 0.317 - 13.89) in PY group and 3.18 (range 0.88 - 6.348) in 
the PN group. Median value of total apheresis CD34 was 7.56 (3.55 - 18.19) in 
PY group and 7.5 (3.17 - 10.73) in the PN group which is almost the same 
(Table 3). Median day of neutrophil engraftment was 11.5 (range 9 - 22) in PY 
group and 11 (range 9 - 36) in the PN group whereas median day of platelet en-
graftment was 14 (range 9 - 98) in PY group and 13 (range 11 - 98) in the PN 
group (Figure 1). 

4. Discussion 

Plerixafor is a novel agent approved for use in conjunction with G-CSF during 
Autologous stem cell transplant in lymphoma and multiple myeloma for poor 
mobilizers [1]. The current regimen for mobilization of stem cells with granulo-
cyte colony-stimulating factor (G-CSF), alone or in combination with chemo-
therapy fails in 10% - 25% of patients. In a single institution study by Chitra et 
al. [11] advanced age (>60 years) was one of the important factors responsible 
for poor mobilization. It was reported that prior lines of treatment received also  
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Figure 1. Median days of neutrophil and platelet engraftment in PY and PN group. 
PY—Plerixafor group, PN—Plerixafor no group (good mobilizers). 
 
Table 3. Comparison between PY and PN group (data are represented as median, range 
and percentage). 

Parameters 
Plerixafor Group (PY) 

(N = 28) 
Good Mobilizers (PN) 

(N = 21) 

No. of Collection (Mean) 2.64 ± 0.48 2.47 ± 0.5 

Median Age (range) 49.5 (19 - 68) 53 (18 - 67) 

Gender (%)   

Male 13 (46.4%) 11 (52.4%) 

Female 15 (53.6%) 10 (47.6%) 

Induction Chemotherapy (%)   

Single Line 16 (57.1%) 15 (71.4%) 

Multiple Line 12 (42.9%) 6 (28.6%) 

Apheresis (Median)   

D1 1.755 (0.258 - 8.52) 2.63 (1.06 - 6.29) 

D2 3.845 (0.317 - 13.89) 3.18 (0.88 - 6.348) 

D3 2.28 (0.24 - 12.29) 1.61 (0.89 - 3.11) 

Total 7.56 (3.55 - 18.19) 7.5 (3.17 - 10.73) 

Neutrophil engraftment (Median) 11.5 (9 - 22) 11 (9 - 36) 

Platelet engraftment (Median) 14 (9 - 98) 13 (11 - 98) 
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adversely impact mobilization and is one of the major risk factor for poor mobi-
lization. Similarly, a study by A Olivieri et al. showed that more than 2 lines of 
chemotherapy received prior to stem cell collection is an important criteria in 
identifying poor mobilizers [12]. In our study we found no significance with age 
and prior line of induction chemotherapy in poor mobilizers, in fact we found 
lesser median age in poor mobilizers (49.5 years) than good mobilizers (53). Ir-
respective of age and number of line of induction chemotherapy, plerixafor has 
given equal results of apheresis (7.56 vs 7.5), platelet engraftment (14 vs 13) and 
neutrophil engraftment (11.5 vs 11) as compared to good mobilizers (Figure 1). 
This data shows the significance of plerixafor efficacy in poor mobilizers irres-
pective of factors such as age and prior lines of chemotherapy. Our study is sim-
ilar to a study by Varmavuo et al. where the median number of collected CD34+ 
cells was 3.5 × 106 CD34+ cells/kg in plerixafor group and 4.2 × 106 CD34+ 
cells/kg in the control group. (p = 0.076). Engraftment was also comparable be-
tween the two groups (10 days for neutrophils and 14 days for platelets, respec-
tively) [13]. Average leucapheresis per person of 2.64 was achieved in PY group 
after adding plerixafor which was comparable to 2.47 in the PN group. A multi 
centre time motion analysis of plerixafor in poor mobilizers of non Hodgkins 
lymphoma patients showed that poor mobilizers who received plerixafor had a 
decrease in apheresis sessions and thereby costs [14]. Median value of apheresis 
CD34 count on day 1 was 1.75 in PY group and 2.63 in the PN group. Patients in 
PY group received plerixafor along with G CSF after day 1 collection. When me-
dian value of day 2 was analysed there was 2.19 times increase in apheresis CD34 
counts in PY group (3.845) as compared to day 1. In PN group, those who re-
quired only G-CSF for stem cell mobilisation, had 1.20 times increase in CD34 
count and median value on day 2 was 3.18. Median values of total CD34 were 
7.56 in PY group and 7.5 in the PN group. This shows that PY group which rep-
resented poor mobilizers had comparable stem cell collection than PN group 
post plerixafor administration. Our study was comparable to a double blind 
study by DiPersio et al. where use of plerixafor resulted in a median of 4.8-fold 
increase in peripheral blood CD34 cell count compared to only a 1.7-fold in-
crease with G-CSF alone. It also showed that regimen of plerixafor and G-CSF 
resulted in a statistically significantly higher probability of achieving optimal 
CD34 cell target for tandem transplantation requiring fewer apheresis proce-
dures compared with placebo and G-CSF [15]. In a study done by Basak et al, 
the minimum target of >2.0 × 106 CD34+ cells/kg body weight was achieved in 
12/16 patients (75%) with a median of 2 leukapheresis (range, 1 - 3) in the ple-
rixafor added group. They concluded that plerixafor is an efficient and useful 
agent for stem cell mobilization in myeloma and lymphoma patients who have 
failed previous mobilization attempts [16]. These findings indicated that plerix-
afor mobilized stem cells are of good quality and can result in early engraftment 
which in turn leads to improved survival. Malik et al. also showed that engraft-
ment and outcomes after ASCT are comparable in lymphoma and myeloma pa-
tients receiving plerixafor as compared to chemomobilized patients without use 
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of plerixafor [17]. 
Limitation of our study is the small sample size. 

5. Conclusion 

Plerixafor is beneficial for mobilizing an adequate number of stem cells when 
used along with G-CSF during autologous stem cell transplantation. Prior lines 
of chemotherapy received are an important factor for poor mobilization in our 
study. The use of plerixafor not only enabled poor mobilizers of lymphoma and 
multiple myeloma to collect adequate stem cells for ASCT, but also had early 
neutrophil and platelet engraftment which was comparable to good mobilizers. 
Large volume studies are needed to determine the association between comor-
bidities and poor mobilization.  
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