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PBPC Collections 
Management, Techniques & Risks



Treatment of neoplastic and genetic disorders

Introduced a new application for apheresis 

technology

PBPC – Peripheral Blood Progenitor Cells



PBPC replaced Marrow infusion 

Lack of need for general anesthesia

Decreased need for hospital admission

PBPCs engraft faster than marrow  

Fewer days of neutropenia and thrombocytopenia

Posttransplant recovery 

absolute neutrophil count (ANC) to 0,5 G/L and 

platelet count to 20 G/L



Autologous Transplantation & High Dose Therapy

Allogeneic Transplantation

Related

Unrelated

After myeloablative treatment

Complete hematopoietic and immune reconstitution

Stable and long term engraftment

Autologous and Allogeneic PBPC 



Mobilization of CD 34+ cells from BM to peripheral blood

Timing of collections

Regimen for PBPC collections

PBPC – Quality of the Graft and Effect of Therapy



rh-G-CSF                  Plerixafor - anti CXCR4/SDF 1

Filgrastim (AMD 3100)

rh-G-CSF (30-100   CD 34+)

Chemotherapy + rh-G-CSF ( 200  CD 34+)

(P. Dreger and N. Schmitz, Handbook of BMT, 2000)

New strategies – anti CXCR4/SDF 1 interaction



Considered as a criterion of the efficient mobilization 

therapy

Used as an indicator for starting PBPC collections

Timing

Concentration of CD 34+ Cells in Blood equal or 

> 20×103/ml



Leukapheresis 

Collection of MNCs

Centrifugal force

PBPCs 

lymphocyte – like morphology

Separator collects 

in the zone between the granulocyte &

platelet layer

Yield of CD 34 + cells 2 – 5  106/kg / b.w. 



PBPC – Collection Techniques

Standard

2 – 3 Total Blood Volumes or less than 15 Liters of 

Blood

Large Volume Leukapheresis (LVL) 

not yet clearly defined

More than 3 Total Blood Volumes or

> than 15 and < 35 Liters of Blood

Other Differences – Anticoagulation, Inlet Flow Rate, 

Product Collection Rate



PBPC – techniques of collections 

LVL – more exhausting for donors and patients than standard

Cardiovascular system – adapt to higher IFR

Significant decrease of platelets and red cells up to 50 % 

(Bojko 2002)

Significant decrease of K+ , Ca 2 +, Mg 2 +

(McLeod 2005)

Influence of heparin on the number of platelets 

and coagulation system – prolongation of APTT 

(Humpe, 2000)



LVL collections – criteria for safe procedure

Minimum hematocrite 28 %

Minimum platelets           50 × 109/l

Minerals   

Na+, K+, Ca2+, Mg2+

Renal and liver functions

Coagulation     APTT, Quick

Cardiorespiratory system   ECG, USG

Patients – CVC  (v. jugularis interna, v. subclavia, v. femoralis) 

Donors  – peripheral venous access



Standard leukapheresis

2 – 3 TBV of the patient / donor

anticoagulation ACD – A

IFR 50 – 70 ml/min

Large volume leukapheresis (LVL)

> 3 TBV of the patient / donor

anticoagulation ACD – A + heparin

IFR 70 – 100 ml/min

Conditions in which Standard and LVL is not suitable

PBPC collection techniques 



Standard procedure

ACD – A

function of liver, kidneys, cardiac arrhytmia

Large volume leukapheresis (LVL) 

Large extent of the procedure 

vital signs unstable, clinical condition, 

blood count parameters, minerals

Heparin

coagulation, CVC complicated insertion &

function 

Patients do not tolerate



How to find the way? 

wayak dál?

„MIX“ collections              „MIX“ collections 

Reduced                                     

ACD – A  ACD – A + heparin

Extent of the procedure 2 – 3 TBV

IFR 70 – 100 ml/min



PBPC collections

Patients – well mobilized

CD 34 > 20x103 /ml

Patients STANDARD MIX LVL Total

N procedures 8 19 55 82

N 

Patients 6 16 48 70

Women 4 5 28 37

Men 2 11 20 33

Age ® 51 (24 – 60)

48 

(24 - 68)

57 

(19 - 68)



PBPC collections

Patients – weekly mobilized

CD 34+ < 20x103 /ml

Patients STANDARD MIX LVL Total

N procedures 8 8 38 54

N patients 3 7 18 28

Women 3 9 12

Men 7 9 16

Age ® 57 (53 - 60)

37 

(20 - 65)

55 

(20 - 65)



Volume of processed blood
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PBPC collections 

Procedures 

Run paremeters

Patients – well mobilized

Procedures STANDARD MIX LVL

WBP x TBV 2,6 (2,4 - 2,8) 2,5 (1,4 - 2,8) 3,4 (3,1- 4,2)

WBP (l) 10 (9 - 13) 14 (9 - 18) 16 (11- 20)

ACD-A + + +

Heparin no + +
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PBPC collections 

ProceduresRun parameters 

Patients – weakly mobilized

Procedures STANDARD MIX LVL

WBP x TBV 2,6 (0,6-2,8) 2,8 (2,2-2,9) 3,6 (3,1-4,4)

WBP (l) 10 (3-10) 15 (11-18) 15,5 (10-22)

ACD-A + + +

Heparin ne + +



PBPC collections

Patients – well mobilized

Patients STANDARD MIX LVL

CD 34+ (103/ml) 49 (28-208) 47 (21- 601) 62 (20 - 1423)

CD 34+ (106/kg) 4 (3 - 27) 4 (1 - 37) 8 (3 - 102)



PBPC collections

Results

Patients – weekly mobilized

Patients STANDARD MIX LVL

CD 34+ 

(103/ml) 12 (6-19) 15 (10-19) 11 (5-19)

CD 34+ 

(106/kg) 0,9 (0,2-2) 1,2 (0,6-3) 1,5 (0,2-3)



Results

Similar efficiency in Standard and Mix collections 

in well mobilized and weakly mobilized patients

LVL enable to get higher yield of CD 34+ cells than the

Standard and MIX collections in

well mobilized patients

1 LVL – 1 transplant dose of CD 34+ cells/kg

weakly mobilized patients



Anticoagulation – safety

Verified in patients after Standard, MIX and LVL 

Calculated dose of citrate was lower than maximum accepted 

1,8 mg/kg/min (R. Weinstein 2001)

Standard MIX LVL

ACD-A (ml) 715 586 665

(183-934) (375-758) (418-916)

Heparin 

(IU) 3500 4000

(2300-

4500)

(2400-

5500)

Citrate (g) 16 13 15

(4-21) (8-17) (9-21)

Citrate (mg/kg/min) 1,3 0,9 1,1

(1,1-1,5) (0,7-1,3) (0,7-1,5)



Adverse reactions

Standard MIX LVL Total

Procedures 16 27 93 136

Patients 9 23 66 98

Adverse 

reactions 6 5 11 22 (16%)

HypoCa2+ 1 1 2

Hypotension 1 1

CVC 3 5 5 13

Hypo SpO2 3 3

Artralgia, ACS, 

Psychotic sy 3 3



Yield of CD 34+ cells / kg b.w. (106/)

Well mobilized > 20 × 103/ml

Weakly mobilized < 20 × 103/ml

Standard < 3 TBV LVL > 3 TBV

Collections,   Cobe Spectra    No.  Standard   LVL  
 
Donors weakly mobilized       4     1.4 (0.9ï3.3)  
  
Donors well mobilized I.      60  4.7 (1.7ï13.7)  6.7 (3.6ï16.9) 
  
Patients well mobilized II.      171  4.7 (4.8ï55.6)  6.4 (0.9ï93) 
 
Patients weakly mobilized III.   44  1.3 (0.4ï4)  1.8 (0.9ï4.2) 
 
TOTAL                                        279                   138                             141  



Percentage of collected CD 34+ cells from blood 

to product [%]

STANDARD LVL

Donors, I., n = 33 / 27 145,0 196

Pts mob. II., n = 79 / 92 118,0 148

Pts unmob. III., n = 22 / 22 166,0 189

Similar observation – J. Hester, Trans. Sci 2000



Donors & Patients

Well mobilized 

Standard & LVL

Yield of CD 34+ cells 

Higher  in LVL

Dependent significantly on  

Precollection concentration of CD 34+ cells in 

blood (r = 0.93, 0.88)

Independent on

leukocytes, platelets, WBP & Inlet flow rate

Probable intra - procedure mobilization of CD 34+ cells ?

Mobilization was higher in LVL than in Standard 

145 % / 196 % in Donors

118 % / 148 % in Patients



Patients

Weekly mobilized 

Standard & LVL

Yield of CD 34+ cells 

Higher in LVL

Independent on precollection

Leukocytes, platelets, WBP& Inlet Flow Rate

Less  significant  relation to CD 34+ cells in blood  

(r = 0.56, 0.66) than in well mobilized

Probable intra - procedure mobilization of CD 34+ cells?

Mobilization was higher in LVL

166 % Standard / 189 % LVL 
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Similar  results
Moncada V. – Transfusion 2003

Cassens U. – Transfusion 2004 , 724 LVL

LVL enable to get higher yield of CD 34+ cells than 
Standard

well mobilized patients

weakly mobilized patients

Circulating CD 34 + cells and % MNC only factors influence 
CD 34+ cells yield

Processing 4 × vs. 6 × TBV  did not result higher CD

34+ cells yield

Significant decrease for platelets

Abrahamsen JF – Transfusion 2005

Meldgard Knudsen L. – Journ.  Clin. Apher . 2001

Recruitment CD 34+ cells, 205 standard  



Intra procedure mobilization probably exist

Mechanism of intra-procedure mobilization is not yet clearly 

defined

It seems to be a non-linear process

may depend on the diagnosis, stage of the disease, 

mobilization therapy, apheresis device.....

Relatively controversial data in previous studies (Zingsem

1993,  Alegre 1996, Gorlin 1996, Moller 2001, Knudsen 2001, 

Moog 2004.....)



The choice of technique – recommendations

STANDARD

Patients 

ACD-A    yes

heparin and large extent of procedure no

MIX

Patients 

Heparin yes 

ACD-A and large extent of procedure no

LVL

Patients

Heparin and large extent of procedure yes



PBPC collection techniques

safe & well tolerated

LVL should be preferred 

in all donors and patients who can tolerate it

especially in weakly mobilized patients 

Chance to collect at least a minimum amount of 

CD 34+ cells for transplantation is higher than in 

standard collections

“Extremely high dose” of CD 34+ cells has to be prepared 

tandem” transplantation or  “manipulation” with  the graft 

LVL minimize the number of procedures required

No serious adverse reactions  have been observed so far



Patient’s clinical condition

Apheresis centre experience

Dose of CD 34 + cells required

OPTIMUM COLLECTION TECHNIQUE ?
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Mobilization of CD 34+ cells from BM to peripheral 
blood

rh-G-CSF

induction of BM proteases

attenuation of adhesion molecule function

disruption of CXCL12/CXCR 4 signalling in BM & attenuation 
VLA- 4 function probably independent on G-CSF (?)

Loss CXCL12 expression by osteoblasts – key 

step in cytokine mobilization (?)

(Christopher M. J. Blood 2009)

AMD 3100

specifically antagonizes interaction SDF-1 & 
CXCR 4 which retains stem cells in BM

(De Clerque E. Biochem Pharmacol 2009)



ÚHKT 2003 ï2007, 2828 terapeutickĨch vĨkonŢ a 

alogenních PBPC

1069
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PBPC alogenní

29%

26%
16%

15%

12%
1% 1%

hypoCa

hypotenze 

kardi§ln²

ģiln² pŚ²stup, kanyla 

krv§cen²

alergie

porucha pŚ²stroje

PBPC autologní

48%

26%

21%

5%

hypoCa

ģiln² pŚ²stup, kanyla

slabost, unava,

hypotenze, bolesti

hlavy, DK 

kardi§ln²


