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Factors Influencing Peripheral Blood Stem Cell Collection
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Purpose: Peripheral blood stem cell transplantation (PBSCT) has been widely used. The optimal time for collection is a crit-
ical factor to obtain proper counts of CD34 cell by peripheral blood stem cell collection (PBSC). The purpose of this study
was to identify the factors influencing peripheral blood stem cell collection in order to figure out the more effective timing
for PBSC. Methed: The subjects of this study were 189 patients undergoing 3 leukapheresis from January 28, 2005 to Decem-
ber 31, 2006. Group's characteristics, checkup opinion of pre-peripheral blood on the day of harvest & outcome of PBSC
were analyzed and evaluated using SAS statistics program after grouping patients as below; group 1-CD34 cell counts <2
x10%kg (n=97); group 2-2 x 10°/kg <CD34 cell counts <4 x 10°/kg (n=26); group 3-CD34 cell counts >4 x 10°/kg (n=63).
Results: Based on outcome of peripheral blood stem cell according to diagnosis, acute myelocytic leukemia (AML) was
65.5% at Group 1, Lymphoma was 21.7% at Group 2 and multiple myeloma (MM) was 70.8% at Group 3. There were
significant differences in CD34 cell counts according to diagnosis (p=0.00004). Type of cytokine mobilization according to
diagnosis, Lenograsim was using 62.5% of MM & 38.2% of AML and filgrastim is using 22.0% of AML only. Circular periph-
eral blood CD34 cell counts prior to harvest was 258.1/uL at Group 3 which was much higher comparing to Group 1 (10.5/
HL) and Group 2 (39.9/uL) (p<0.001). TNC counts of collected peripheral blood stem cell was 15.36 x 10°/kg at Group 3
and it’s much higher than Group 2 (13.16 x10*/kg) and Group 1 (12.36 x 10*/kg) (p=0.083). There was no significant dif-
ference in MNC counts inbetween 3 groups. Conclusions: Circular peripheral blood CD34+ cell counts prior to harvest
was much higher at Group 3 than Group 1 and Group 2. Therefore, the number of CD34+ cells on the day of harvest can
be used as an accurate predictor for peripheral blood stem cell.
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Table 1. Demographic and clinical characteristics (N=189)

Characteristics Categories N (%) or mean+SD
Gender Male 105 (55.6)
Female 84 (44.4)
Age (yr) 3894162
Diagnosis AML 1 18 (62.4)
ALL 17(9.0)
MM 24 (12.7)
Lymphoma 24 (12.7)
Others 6(3.2)
Type of cytokine Filgrastim 69 (36.5)
mobilization Sargramostim 9 (4.7
Lenograstim 85 (45.0)
Study filgrastim 26 (13.8)
Body weight (kg) 64.5+13.0

AML, acute myelocytic leukemia; ALL, acute lymphocytic leukemia;
MM, multiple myeloma.
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Table 2. Comparison of data of PBSC among 3 Groups according to general and clinical characteristics

Group 1 (N=97) Group 2 (N=26) Group 3 (N=63)

Characteristics Categories X?orF p
N (%) ormean+SD N (%)ormean+SD N (%) or mean+SD
Sex Male 58 (55.8) 12(11.5) 34(32.7) 1.69 0.4287
Female 39(47.5) 14(17.1) 29(35.4)
Age (yr) 3724132 4144197 405+159 1.30 0.2744
Diagnosis AML 76 (65.5) 13(11.2) 27 (23.3) 0.00004
ALL 5(29.4) 3(17.7) 9(52.9)
MM 4(16.7) 3(12.5) 17 (70.8)
Lymphoma 10 (43.5) 5(21.7) 8(34.8)
Others 2(33.4) 2(33.3) 2(33.3)
Type of cytokine Filgrastim 39 (56.5) 6(8.7) 24 (34.8) 0.4444
for mobilization Sargramostim 3 (33.4) 3(33.3) 3(33.3)
Lenograstim 40 (48.8) 13(15.9) 29 (35.3)
Study-filgrastim 15(57.7) 4(15.4) 7(26.9)
Body weight (kg) 66.7+12.7 63.8+16.4 61.8+10.7 297 0.0541

*, Fisher's exact test. Group 1, collected product CD34+ cells <2 x 10°kg; Group 2, 2x 10%kg < collected product CD34+ cells <4 x 10%kg; Group 3, col-
lected product CD34+ cells =4 x 10°%kg. PBSC, peripheral blood stell cell; AML, acute myelocytic leukemia; ALL, acute lymphocytic leukemia; MM, muk
tiple myeloma.

Table 3. Comparison of types of cytokine for mobilization according to diagnosis

Types of cytokine for mobilization
Diagnosis X?orF P
Filgrastm N (%)  Sargramostim N (%)  Lenograstm N (%)  Study-filgrastim N (%)

AML 44(37.3) 3(2.5) 45(38.2) 26(22.0) 1727 00138
MM 8(333) 1(4.2) 15 (62.5) 0(0.0)

*, Fisher's exact test. AML, acute myelotic leukemia; MM, multiple myeloma.

Table 4. Comparison of data between Peripheral blood and PBSC among 3 Groups

Group 1 Group 2 Group 3

Variables _ F p
Mean+SD Mean+SD Mean+SD

Peripheral blood
WBC (/uL) 4122.8+4935.6 2914.8+3365.0 5350.945893.0 233 0.1002
MNC {/uL) 957.9+1047.0 635.7+759.4 984.7+990.3 1.17 0.3113
Granulocyte (/pL) 3199.5+4028 5 2450.2+2863.5 4334.2+5173.6 2.05 0.1314
CD34+cell {/ul) 105+14.4 39.9+458 258.1+447 4 17.63 <0.0001

PBSC
TNC (x10%kg) 12.36+4.7 13.16+56 15.36+75 4,93 0.0083
MNC (< 10%kg) 65131 6.3+£36 75447 1.49 0.2285

Group 1, collected product CD34+ cells <2 x 10°kg; Group 2, 2< collected product CD34+ cells <4 x 10%kg; Group 3, collected product CD34+ cells >4
x 108kg. PBSC, periperal blood stell cell; WBC, whole blood cell count; MNC, mononuclear cells; TNC, total nucleated cells.



UxEN THDAZ A2 11 A)7|7F o @ Fasict Ayt
ol 2P LA oA FHA)a F 35
7] B9k £33 B2 CD34+ AL = 713} 2 &
289 CD34+ M2 429 kineticsy= BFSHA R QW 9] F57
O} pajiefof] whet choFsict, A W R ENH O] WBC <,
MNC &, 4% 5, CD34+ M 55 233 theksl W5
o & A" xPuA %] Ao thgt o EAREN B7IE
o] g1, ofz] L_-ﬁ-oﬂﬂ hrigrelo] 23k vz CD34+ A%
/'\7} oJutA] O it Alel ] EHD] St/llo x}igq _—ly_agﬂ %h;}
BE FFont el HEEd 2ERAE Y7 Ale it
Z2A Tod 4-5UR CD34+ A 571 H3130] o] 2 Al7]of
g At 2pF raEd 2HWAE 23 A= CD34+
AEE 0] 23] of = AlI7} tofsliE YR YS wad
o} WBC 9} £8F CD34+ A3 529} ShatAte]o) wha) A48}
2 9ith Sohn 5''9) Aol & £HWA|E 0]4)9] CD34+
cell A Ah&Hyield S FA5F A7 T2 HH % CD34+
M| 4> /’\01 ° zmaﬂmq ZHA] Zoj 514 /}‘a} ]C
34+ A o] Bk AEFE A5 2 9t Zi - 3

o,

rick

r l° rL'r
oloy

Autologous setting®ll thgh disst ol A7-5& PBSC
yield AbEEFo] Hubd A U2 L8td o CD34+ Al 420 &3]

dEEcka 245}, 12)u Benjamin $72 ke A g
A2 CD34+ A ot A H CD34+ AL 4= Aloloff At
LA sl AL HEQl Ao BilEojgic) et Fd
Ao A Buks M WBCS CD34+ ME 427k - CD34+
HIZ 4:0] 3 o &I wra =Tt £3 Moog™ ] im—
7P HEEY =

mature myeloid cells®} erythroblast] £
Y RAE A} A7 S Bareklt

£ A7oA = JHF CD34+ A 571 % 2x10%/kg ik
9l An=97)2} 2x 10"/kg ol4oll4 4x10°kg vlwtel "
(n=26), 4x10°/kg 014}l #Hn=63)2] 2R B4} Y7
] AMA N ArlAA W RN 2w E YRe 4
& H A A A T EY CBCR 4HE WEC,
MNC, Granulocyte 4= Al 5 Zkol] #-2j&t Apol= YIAIAIT
A A S 2EA CD34+ Al 4= Group 3004 258.1+
447 4/uLE Group 19 10.5+14.4/uL Group 22 39.9+
45.8/uLEct €3] =ot @%Z*P-Eé A A9 CD34+ A

& Q8 ol & F 2 7HA A3}
r:} o]tz Park 573} Gaso-

5 EZA o] Hx RERA XL

3 AR 4= Q&S o 4

HE 9| - A7 YA %

42}

SDAE A FEE Fe e

va 579 A7olM e A4S el FolE Y2PY 2
RN £ FoE CD34+ Mlzggo] e Fo3E Fzste
Rk AARa & 4

dub EAn B £ A7 AujolA AP S4E
S/gaEno] 118, HAUTAIN @0l 17, i Es
F7} QupFol A7 24Holdet) oe AT ZEEAE of4
o] Aol WEHA RN F2 AYE Ao 2 HzFo)
U 7]et mageke] x|@ofA o]29f Aafo] A2} s Al
I Y55 F vehd Zlolnk,

NHE CD34+ AL o] W 2} 59 TR AFlA
Lol Ad, AFoll wetde Al 2 Zholl fodst A7k /i

e Y CD34 AIE 471 2x 10°/kg T]9Hl A Group
19} 7% AML 76, Lymphoma 10|11 CD34 M % 47}
2x10°/kg o14olA 4x10%/kg vl H¥HGroup 2}& AML
13, Lymphoma 5% 0|22 CD34 MZ 47} 4% 10°/kg ©}
Akl FHGroup 314 AML 279, MM 1780l Hp=
0.0000). Ay 5 AML MME gt A3 AML 2449
65.5%7F CD34+ ME 47} 2x10%/kg Dl MM $7
9] 70.8%7F CD34+ A1 57} 4x10°/kg OJAHO.& S-03F 2}
£ B thp<0.0001). AML $tz}o] cffk 0] ZH"‘EI CD34 A
2 427} 2x10°/kg w1kl AeHGroup 1! E}ﬂﬁ‘ﬂ °.
2 9I3} chemo intensity® <13t Axtz 6H@.F»]‘q A7t 28
TAREERo| d3kS £ £ 9l S3Ea M cytokinesol] A
¥ 23 A3 9 Qstckn Az cH
Cytokine®] mobilization®ll ti$t & 9] 27| Hst =1
£ A7k APFoln G-CSFLF GM-CSF7H & %ol 9%
& 91 Qlt G-CSFe 24 %+ £FHneutrophil) A+
M| Lof| vl i A EolatA| A-g-5to} 3F5TY 755 FIAT=
AARIALZ F429] monocyte, fibroblast, endothelia cellel
A AArE = 28 AR 2K hemato poietic growth factor)Z
A G4 YA E(stem cel)Z5E 871X Z+F E47h
7 Z(lineage) %
cage® AZAEE HTAH Z(progenitor cel)?) F48E S &
25t AJ4H neutrophils 5744170 G2 AR WaEH
w2 A28 G-CSF7F AAAR o de) 38 og A
B5+= Y GM-CSFe %% & v|ao AUt ARGE I Q=
4l GM-CSFe 2828 FdstA 24,
genitor cell& A= neutrophil, monocyte, macrophage,
eosinophil®] F41& £318l= #H-go] Q= HoE ¥eA 9)
o, Cytokine®] AN, 875, AA1ET HHs 242 g =

A7 Ha o #27kAle G-CSF7F o cytokineo)]

granulocyte—neutrophil lin-

myeloid pro-



6  ZYUssEX 8(1), 2008 28

H|8) S40] 231 Lo

tions Hojo] Yo

17)
o= agwn gn”, o

L"J::

22270l 9u)|9lE= mobiliza—
2R 7 £ cytokine
A7kl AlE 413t bone marrowSt
TzzPuA|ze} FAH mobilizationd] G-CSF2H GM-
CSFE H|ugh AdoXz & o Ad4Q] Zog HuEre
it

2 Ao e 2PN 2P el AP AES
BT A g T 7Ms3E 913 eytokines Fof Wk,
Lenograstim 45%, Filgrastim 36.5%, Sargramostim©]
4.7%9 ZAeAN FAEG T B3] Ade] whE mobi-
lization Z5oll ohe} F-23t 2to]7} QI %l=tl AML 8414 4
£ Lenograstim (G-CSF) 38%, Filgrastim (G-CSF) 37%%%

1 MM&] % Lenograstim (G-CSF) 62%, Filgrastim (G-
CSF) 33%%tHp=0.013). 8tA|T & A= G-CSF&
GM-CSFHt} 208 A= Wo| ARgste] H|a}7 = ofe 30
Ak,

ol AaHE Fstol & f A
34+ M= 71 A7 B2 £
gk a2lo] o AFAel A7t 2 }-Qi*ﬂi oj4lzof
Hagh S8 2EEAZY £4E i T2EA Yz
ZYBALE o|FA7)= 7Hs87t 33} Hojopsta 7kEst
9 Ae 9 A7IE A8E| d5ste] fsk= Aol Basi,
oloh e LA FQl QS et FH A=A 5 ATt
7h Baslthi Abr ), 3 FyolAs A7t T2E Y 28
TA|E Ao AaRE v|Xle THEAA gt A7t glof
odlu|=Ql d AR AAjslgonz ¢ro 2 vhEAQl A7t
L astelet YzhEct

|

>,

d 2% A
IS F= A 98 YolE 1 Bt ARAQ Y EY 2
FOAE LGS Y3 7| 2R E A A =gt A o
/42 C Wk S WY AR AA 20059 1€ 28YFH
2006\ 129 3147HA A7 T2 PN XY HAE oj4l Y3,
WxEN 2YNZE YA T 5 A ERbES Al
oA} 1899 9] Y2 PN 2PN E AET & ZFE CD34+

AZ 47} & 2x10%/kg 1Tl AeHn=97)7} 2x10°/kgol|A]
4x10%/kg T|Trel AeHn=26), 4x10%/kg o144 AHn=63)

T
of g E4at A2 92 ALY RO FAkA U

2(CD34+)9] zlol& Chi-square test, Fisher's exact test,
ANOVAZ E-Astt,

® o)z Azke theg) 7tk

A, Aol g dREY 2EnA % e HHE
CD34+ AZ 47t 2x10%kg ]9l A Group DofAlE

AMLO| 65.5%, Lymphoma7l 43.5%% 717% @ekew 4x
10°/kg ©lAFl AHGroup 3ol MMo| 70.8%, ALL]
52.9%% 7V ot Adyol ulel T2 2N A&
gol| F-23t 217} 91 ATk(p=0.00004).

=4, Aol w2 mobilization -7l weh AML #3212
7% Lenograstim (G-CSF) 388%, Filgrastim (G-CSF) 37%
FI, MME 79 Lenograstim (G—CSF) 62%, Filgrastim
(G-CSF) 33%2 93t 217} 31 tHp=0.013).

A P4 A etz A CD34+ HE 4= Group 390
A 25814447 4/uLE Group 1] 10.5£14.4/uL3} Group 2
9] 39.9445 8/uLETt F9)8}A E3UHp<0.0001).

WA, AAE 2EEAZ9] TNC 5= Group 3°] 15.36£
7.5%10%/kg .2 Group 29 13.16+5.6x 10°/kg® Group 1
9] 12.36+4.7x10°/kgH T §-2J8HA| E94THp=0.0083).

olie] At Edjg thgat 22 AAE shaz o,

A, A A cgmzde) CD3a+ AlE 7t AL B2
Il 2YRAZ AFZ ol 7Ha F83F ¢lo] |0 ]9} T
= A AR 8415 gt 25 dr D e}

EA, stetx & 9 7hE3HE A3t cytokine?] Eol whE W
230 XA Z Qe 2T EA = A7 Easit,

p
rat

il

1. Kim BD, Lee EY, Jung HJ, Choi JH, Lee SY, Ryu HM, et al. Par-
ameters to predict the adequate collection of peripheral blood
rogenitor cells. Korean J Hematol 1999;4:29-39.

2. Kim IH, Oh JM, Park SK, Kim JT. The comparison of lenogras-
tim and filgrastim on hematologic recovery after autologous peri-
pheral blood stem cell transplantation. J Korean Soc Health-
syst Pharm 2000;117:225-35.

3. Benjamin RJ, Linsley L, Axelrod JD, Churchill WH, Sieff C, Shul-
man LN, et al. The collection and evaluation of peripheral blood
progenitor cells sufficient for respective cycles of high-dose che-
motherapy support. Transfusion 1995;35:837-44.

4. Elliott C, Samson DM, Armitage S, Lyttelton MP, McGuigan D,



Hargreaves R, et al. When to harvest peripheral-blood stem cells
after mobilizationtherapy: prediction of CD34-positive cell yield
by preceding day CD34-positive concentration in peripheral
blood. J Clin Oncol 1996;14:970-3.

5. Ford CD, Chan KJ, Reilly WF, Petersen FB. An evaluation of
predictive factors for CD34+ cell harvest yields from patients
mobilized with chemotherapy and growth factors. Transfusion
2003;43:622-5.

6. Gasova Z, Marinov 1, Vodvarkova S, Bohmova M, Bhuyian-Lud-
vikové Z. PBPC collection techniques: standard versus large vol-
ume leukapheresis (LVL) in donors and patients. Transfus Aphere-
gis Sci 2005;32:167-76.

7.lkeda K, Kozuka T, Harada M. Factors for PBPC collection
efficiency and Collection predictors. Transfus Apheresis Sci
2004;31:245-59.

8. Hamilton JA, Anderson GP. Growth factors. GM-CSF Biology
2004;22:225-31.

9. Kreiger MS, Schiller G, Berenson JR, Stewart K, Noga SJ, Ballester
0, et al. Collection of peripheral Blood progenitor cell (PBPC)
based on a rising WBC and platelet count significantly increas-
esthe number of CD34+ cells. Bone Marrow Transplant 1999;
36:160-7.

10. Endo-Matsubara M, Ogawa 8, Sasaki K, Takahashi T, Chiba §,
Hirai H. Immature granulocyte fraction in the peripheral blood
is a practical indicator for mobilization of CD34(+) cells. Am J
Hematol 2004;77:223-8.

11. Moncada V, Bolan C, Yau YY, Leitman SF. Analysis of PBPC
cell yields during large-volume leukopheresis of subjects with
a poor mobilization response to filgastrim, Transfusion 2003;
43:495-501.

&S 9 AL YRYM DA Mol s Fe HHEQY 7

12. Moog R. Apheresis techniques for collection of peripheral blood
progenitor cells. Transfus Apheresis Sci 2004,31:207-20.

13. Park KU, Kim SH, Suh C, Kim S, Lee SJ, Park JS, et al. Corree-
lation of hematopoietic progenitor cell count determined by the
SE-9000™ automated hematology analyzer with CD34+ cell count
by flow cytometry in leukapheresis products. Am J Hematol 2001,
67:42-7.

14. Sohn SK, Kim JG, Chae YS, Kim DH, Lee NY, Suh JS, et al. Large-
volum leukapheresis using femoral venous access for harvesting
peripheral blood stem cells with the fenwal CS 3000 plus from
normal healthy donors: predictors of CD34+ cell yield and col-
lection efficiency. J Clin Apheresis 20032;18:10-5.

15. Sohn SK, Kim JG, Chae YS, Kim DH, Lee NY, Suh JS, et al. Har-
vesting peripheral stem cell from healthy donors on 4th day of
cytokine mobilization. J Clin Apheresis 2003b;18:186-9.

16. Sutherland HJ, Eavas CJ, Landsdrop PM, Philips GL, Hogge DE.
Kinetics of committed and primitive blood progenitor mobiliza-
tion after chemotherapy and growth factor treatment and their
use in autotransplants. Blood 1994;83:3803-14.

17. Takeyama K, Ohto H. PBSC mobilization. Transfus Apheresis
Sci 2004;31:233-43.

18. Webb I, Eicjkhoff CE, Elias AD, Ayash LJ, Wheeler CA, Schwartz
GN, et al. Kinetics of peripheral blood mononulclear cell mobi-
lization with chemotherapy and/or granulocyte-colony-stimu-
lating factor: implications for yield of hematopoietc progenitor
cell collection. Transfusion 1996;36:160-7.

19. Weisdorf D, Miller J, Verfaillie C, Burns L, Wagner J, Blazar B,
et al. Cytokine-primed bone marrow stem cells for autulogus
transplantation: a randomized comparison of GM-CSF vs. G-CSF.
Bone Marrow Transplant 1997;3:217-23.



