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• Apheresis

• Extracorporal system: whole blood from patient/donor 
device: specific component separated remaining
components back to patient/donor

• Aim:
– Removal of harmful component (removal, exchange, 

depletion)
– Collection of desired component (collection) 



• Separation of blood components based on density

• Whole blood: different layers: (specific gravity)
– Plasma 1.025-1.029
– Platelets 1.040
– Lymphocytes 1.050-1.061
– Monocytes 1.065-1.070
– Granulocytes 1.087-1.092
– Erythrocytes 1.093-1.096
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Substance /

Need for substitution

Plasma 
(plasmapheresis)

Cell (cytapheresis)

Yes Plasma exchange Cellular exchange

No Plasma removal Cellular removal
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Peripheral stem cell / 
T cell collection



Introduction

Efficacy Safety
Transfusion 2017;57:3067-8

Panch SR, et al. Biol Blood Marrow Transplant 2017;23:1241-9



HPC-A: replaced HPC-M for most indications (adults)

Mobilization necessary:
Chemotherapy
Chemotherapy + G(M)-CSF
G(M)-CSF steady state
Association of plerixafor (Mozobil®)

Advantages:
No anesthesia needed
Less painful
Faster engraftment
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Bacigalupo A, et al. Haematologica 2012;97:1142-8
Bacigalupo A, et al. Haematologica 2015;100:696-702

Aplastic anemia

More CD34+ cells
Faster engraftment

More T-cells
More cGvHD
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Thomas J, et al. Curr Opin Hematol 2002;9:183-9
Urbano-Ispizua A. Best Pract Res Clin Haematol 2007;20:265-80
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HPC-A: chemotherapy + G-CSF



HPC-A: chemotherapy + G-CSF



HPC-A: G-CSF only



HPC-A: G-CSF only



• Timing collection + estimation yield: based on
– WBC count
– CD34+ cell count

 CD34+: more predictive (Yu J, et al. Transfusion 1999;39:442-50; Tohoku J, et al. J Exp Med 2003;199:111-8)

• Start collection if CD34-count > 10/µL (literature: 5-20)

• Prediction:
– Yield:

• Yield (x 10 CD34+cells/kg) = (CD34-count pre-apheresis / 10) if 4x TBV
– Volume needed to process:

• Amount of blood to be processed = 
weight patiënt (kg)

Target CD34+ cells x  -----------------------------------------------------------
(CD34+cells/µL x collection efficiency)

HPC-A



• Yield: dependent from
– Number of progenitor cells in peripheral blood
– Collection efficiency of device
– Blood volume needed to be processed
– Other factors

• Blood volume to be processed:
– Conventional: 1-2 x TBV or procedure over 4 hours
– Large volume leucapheresis (LVL): 3-5 x TBV 

 prospective trial: 1x 25L vs 2 x 15L  similar yield
(Bolan CD, et al. Br J Haematol 2003;120:801-7)

HPC-A



• (First)  apheresis: 
– Day 5 following start G-CSF monotherapy
– Day 9-14 following last dose of chemotherapy if chemotherapy + G-CSF

• Target:
• > 2-3 x 106 CD34+ cells/kg if back up or 1 ASCT planned
• > 5-6 x 106 CD34+ cells/kg if tandem ASCT planned
• > 5-10 x 106 CD34+ cells/kg if alloTx (dependent from graft manipulation)
• > 10 x 106 CD34+ cells/kg if haplo-identical alloTx with T cell depletion

• CAVE loss of red blood cells and platelets (20-30%, LVL up to 50%)

HPC-A



• Differences between subtypes of G-CSF?
– Glycosylated = lenograstim
– Non-glycosylated = filgrastim
– Pegylated = pegfilgrastim

 Lenograstim > filgrastim

Höglund M, et al. Eur J Haematol 1997;59:177-83 
Watts MJ, et al. Br J Haematol 1997;98:474-9 

Fisher JC, et al. Br J Haematol 2005;130:740-6
Ings SJ, et al. Br J Haematol 2006;134:217-25

Ria R, et al. Clin Exp Med 2015;15:145-50

HPC-A



• Pegfilgrastim versus filgrastim

• Biosimilars

Total

Lymphoma

MM

Ria R, et al. Clin Exp Med 2015;15:145-50
Kim MG, at al. Bone Marrow Transplant 2015;50: 523-30

Pahnke S, et al. Bone Marrow Transplant 2019;54:856-66

HPC-A



• Once-dialy versus twice-daily G-CSF??

• Timing of collection

Anderlini P, et al. Br J Haematol 2000;109:770-2
Douglas KW, at al. J Clin Apher 2018;33:46-59

HPC-A



“Poor mobilizers”

Daratumumab
(CASSIOPEIA: VTD vs D-VTD: 

8% vs 22% plerixafor need)

Giralt S, et al, Biol Blood Marrow Transplant 2014;20:295-308
Moreau P, et al. Lancet 2019;394:29-38

Yoshihara S, et al. Hematology 2021;26:388-92
Chen J, et al. Blood Rev 2021;47:100771



Romon I, et al. Vox Sang 2022;117:6-16

“Poor mobilizers”



“Poor mobilizers”: chemotherapy + G-CSF



“Poor mobilizers”: G-CSF only



DiPersio J F et al. J Clin Oncol 2009;27:4767-73
DiPersio J F et al. Blood 2009;113:5720-6

“Poor mobilizers”



Micallef IN, et al. Biol Blood Marrow Transplant 2018;24:1187-95

“Poor mobilizers”



Sheppard D, et al, Bone Marrow Transplant 2014;49:751-5

“Poor mobilizers”



• Dose: 0.24 mg/kg/day (renal insufficiency: 0.16 mg/kg/day)  6-11 
hours before collection (real life: one vial 20 mg)

• Reimbursement: only for MM and lymphoma!
– < 10-15 CD34+ cells/µL blood after mobilization

OR
– < 2 x 106 CD34+ cells/kg following collection

• Side effects:
– Local injection reaction
– Headache
– Gastrointestinal complaints

Plerixafor

Wagstaff AJ. Drugs 2009;69:319-26
Keating GM, et al. Drugs 2011;71:1623-47



Douglas KW, at al. J Clin Apher 2018;33:46-59

Plerixafor



No significant differences:
• Time to engraftment
• aGvHD/cGvHD
• Overall survival

Plerixafor

Romon I, et al. Vox Sang 2022;117:6-16



Burger JA, Peled A. Leukemia 2009;23:43-52
Pantin J, et al. Haematologica 2017;102:600-9

“Poor mobilizers”



Mobilization-related Procedure-related

Chemotherapy-related

G-CSF-related
Headache
Skeletal pain
Nausea
Splenomegaly
Fever
Injection site reaction

Plerixafor-related
Headache
Nausea & diarrhea
Arthralgia
Injection site reaction

Vasovagal reaction

Catheter-related
Infection
Bleeding
Thrombosis

Citrate-induced hypocalciemia

Side effects

Short term risks



Long term risks in healthy donors

Korte termijn Lange termijn

Shaw BE, et al. Bone Marrow Transplant 2015;50:334-40

Side effects



Long term risks in healthy donors

Short term Long term

Side effects

Burns LJ, et al. Biol Blood Marrow Transplant 2016;22:1108-16
Shaw BE, et al. Bone Marrow Transplant 2015;50:334-40



Hogatt J, et al. Cell 2018;172:191-204

CXCR2 agonist + CXCR4 antagonist 

“Poor mobilizers”



Levine BL. Cancer Gene Ther 2015;22:79-84

CAR T-cells



UVA = ultraviolet A radiation.

Washout period Agent

> 6 months Alemtuzumab, ATG

> 12 weeks Fludarabine, bendamustine

12 weeks Allogeneic HSCT

8 weeks Clofarabine

4 weeks DLI, PegAsparaginase

2 weeks Systemic chemotherapy, GVHD therapy, long 
acting growth factors, imatinib, dasatinib, 

ponatinib, blinatumomab

1 week IT MTX, high dose steroids (dexa), lenalidomide

5 days short acting growth factors, nilotinib

3 days Short acting cytotoxic/antiproliferative
medication (hydroxyurea, low dose steroids)

CAR T-cells



UVA = ultraviolet A radiation.

CAR T-cells



June CH, et al. Science 2018;359:1361-5
Neelapu SS, et al. Nat Rev Clin Oncol 2018;15:47-62

Shimabukuro-Vornhagen A, et al. CA Cancer J Clin 2022;72:78-93

CRS = cytokine release syndrome

ICANS = immune effector cell-
associated neurotoxicity 
syndrome

MAS = macrophage activation
syndrome

CAR T-cells



Lee DW, et al. Biol Blood Marrow Transplant 2019;25:625-38
Shimabukuro-Vornhagen A, et al. CA Cancer J Clin 2022;72:78-93

CAR T-cells



Shimabukuro-Vornhagen A, et al. CA Cancer J Clin 2022;72:78-93
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