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Factors to Predict Successful Harvest during Autologous
Peripheral Hematopoietic Stem Cell Collection
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Autologous peripheral blood stem cell transplantation (PBSCT) has been used as a major treatment strategy for
hematological malignancies. The number of CD34 positive cells in the harvested product is a very important factor for
achieving successful transplantation. We studied the factors that can predict the number of CD34 positive cells in the
harvested product of acute myelocytic leukemia (AML), multiple myeloma (MM) and Non-Hodgkin's lymphoma (NHL)
patients after mobilizing them with chemotherapy plus G-CSF. A total of 73 patients (AML 19 patients, MM 28
patients, NHL 26 patients) with hematological malignancies had been mobilized with chemotherapy and granulocyte
colony-stimulating growth factor from April, 2000 to February, 2012. Group's characteristics, checkup opinion of
pre-peripheral blood on the day of harvest & outcome of PBSC were analyzed and evaluated using SPSS statistics
program after grouping patients as below; group 1: CD34 cell counts <2 X 10%kg (n=16); group 2: 2 X 10%kg < CD34
cell counts < 6 X 10%kg (n=32); group 3: CD34 cell counts > 6 X 10°kg (n=25). We analyzed the clinical characteristics,
the peripheral blood (PB) parameters and the number of CD34 positve cells in the PB and their correlation with the
yield of CD34 positve cells collected from the mobilized patients. The total number of leukapheresis sessions was 263
(mean: 3.55 session per patient), and the mean number of harvested CD34 positive cells per patient was 7.37 < 10%kg.
The number of CD34 positive cells in product was significantly correlated with the number of platelet and CD34 positive
cells in peripheral blood (P<0.05). The number of PB CD34 positive cells was the best significant factor for the quantity
of harvested CD34 positive cells on the linear regression analysis (P<0.05). Many factors could influence the mobilization
of peripheral blood stem cells. Platelet count and PB CD34 positive cells count were the two variables which remained to
be significant in multivariate analysis. Therefore, the number of platelet and CD34 positive cells in peripheral blood on
the day of harvest can be used as an accurate predictor for successful peripheral blood stem cell collection.
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E—“'%L AJA = &Ape] o], o
sl we 2tk F
major histocompatibility antigen,
MHA)®| A7} et 7hd A9sh gojab= HLA
(human leukocyte antigen) U] A|o|t}l. v} FA|7F
o HLA7} X8 52 30% Welo]7] wizel vdd
olAE flell FFd, Aol L3 Har vk
(Hwang, 2007). &%&°]42 LEFAo| S 2 A0 =
(cyclophosphamide)$} 7 A1HFALA Z2A} (total body irradiation,
TBI) co2 dFd A& AHAE staL, o]y T4
SRR E AHFHI £HEAEE SAfe
Esto] FRARIth Aprkel A2 agEFsteka v AR
A5z TYAEE AAS T MEAGEAA} (granulocyte
colony-stimulating factor, G-CSF)E A}&-3lo] Z2] =3
BEAEZE T2ER 7RSSR o] A7l Al
275 olgste] 2ERAEE ARl YEd F o
2= Woltt. EFol A3} HAo] Hlszsh M Al
7} stal 3| &o] whEm o] A H < FREE (graft-versus-
host disease, GVHD)¢| §l= o] Ut} Ap7le]de &
Fol23t g oA APEES wrou Ato] Esin
2 oAy AbgEe] & 82 oAt {lo] FFol
g gl SAbelA Adet Jg, ugek ol
G 0}74] A= 31 Qlt} (Dicke et al., 2010).
A2 I (FEe)olM AR FRlske] =EEA
AN oF grow Foztel Al vk 7t 2 a8ttt vl
s oY 7HA olfrelld Hol= FE xRN EH
dRAxE AFF 2xdde] 2dRAYE= =5
AERT o]2 5 Tt davke] 3]o] war
(Bensinger et al., 2001; Couban et al., 2002). =8 XA|¥E o]
Aol AYztel] A Mgl ZHRA L= CD34
U AEFE V)FoR A BFEAY 1.0~2.0 < 10°]
™ AHE CD34 FAET} 5.0~6.0 < 10° o] dd A5
ZARAE o]4o] oA oleka elAl glrt (Anguita-
Compagnon et al., 2010).
AP Exg xER
97 s ThsstaE e Ads
SAE AL et o faoke el Sask
(Dicke et al., 2010). 4572l o]A& 93 iﬁi’ﬂlﬁﬂ
A AR T “E? o] D34 YA AlE
v s SR dEA vk 2xd e t‘”ﬁ?‘%
o e R R = R i e i B g Rl B ] e )
o ol t& A7t Aol A=A BEshA WA

o
TN

X1

T m1o
5
o
E

BN A

A3 o]/ﬂ "o] |y

T

A 2T} (Lee et al., 2003; Suh et al., 2004; Padmanabhan
etal., 2009).

wE ATl BHe 43
HRAEZ o]A& flate] =HRA

@ole] (D34 Py AEF SIolE Bae] QA
ol AR Y WA A 27 Fo| ZYRAE A
Hge] DM P AXZeh ol Qlghol gl ohu

T
B AEHY 2ARAL APE A5 5 Y A

ATChA

20001 495-E 2012\ 2¥7HA] Ap7F HxE =d
BAE o4& 8] ZHRAELE AFE A} 73S
oz 26339 AHes AlFsleh B2 2PN
A AEES AR E CD34 A AEFTE F 2x10°
kg TIREl ATk (n=16)2 Group 1, 2 X 10%g ©]7ell A
6 < 10°%g 9l At n=32)2 Group 2, 6 < 10%g ©]
2 AT 1=25)% Group 322 U0 ZALE AA|}
Atk 2 A= Y distued dATEERdEY &
olS Wre T AT} (YUH-12-0373-039).

JtsElel. 2ERAZE Qs A FENEE
gt AAsH] A8 54 W (acute leukerma)«]

H o
= vaoor XRE 3, YT FL 3

rN
om

H DHAP (dexamethasone, cisplatin and cytarabine), ESHAP
(etopiside, methylprednisolone, cytarabine and cisplatin) 2]
FAspetay S F2 Ageith A ErSS 18
2k #o] =4} (high dose cytoxan, 3 g/m’D1)S AR&&ko] =
FolA| 7} BB EE= AA oﬂxi G-CSF (%TEEXJ, o] Ao,
3=ty (10 pgkg/day) S sto] ZERAELE 7Hs 3
Atk 7Fssta S %&?—MJ EFT7F 500/l ©]s)
= e FofE AjRksle] MET Eikao] 2 v
7HA] ARESEAT.
LM ) 81 Y. Ax3F F0A3E T
Al G2RE e d 2xdd F gy o
L (mononuclear cells, MNC) 52 54 428 3

£ AFste] &-53A (ethylenediaminetetraacetic acid,
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EDTA)Z #-53 A& & F AsdF2A7]5 o83t
o] AEsAL. AQR Brde zdwAse] B 59
M3 (total nucleated cell, TNC)&} @l 5% 2587

2712 ol g3te] BAISIL,

UM CD34 UM MZE AMESE CxF =FWAE
h%@oﬂ WS 427} 3,000/ul o)A R Al
nE Zgoloko] 3u) o]Ale] mLek WME L
i/ﬂ Fenwal CS-3000 plus (Baxter Healthcare corp.,
Deerfield, IL, USA)E ©]-8-5to] vl 8~15 L] dei& 3
i 4’\]7}01] Ax dHFFS Eelsigith A B
< S| g g st o R o]F et |

1% ARE-3 T 815 Y8 Granulo chambers -2F
slaL, AHES YA A-35 chamber (A% 200 mL) &=
£ small volume collection chamber (SVCC, 50 mL)E “&=h
sholth e dvaow fstast she 2 EA

I G AL WA A% F deHon A

CD34 2y M= &3, A & Exd CD34 ¥4 Al
2ok AFE CD34 P AETF] B4 FH
tube) 270 0] THS WP N 100 WS 2tz H7t
33l 3l WA FHol= CD45-fluorescein isothiocyanate
(FITC) 10 ul, Mouse IgG1-phycoerythrin (PE) 10 wlE 3 7}3}
At} F HA FHol= CD45-FITC 10 pl, CD34-PE 20 pl
= A7kt 283 TruCount tubed] 744 Yl A
= SHelA 1581 WEAIZATE ZF FHol| 7-AAD 40 l,
BD Pharm Lysing buffer (1X) 2 mlE 3 7}sle] 2204
5% 7ol AYUTE 8ES A & 1/\1 oftfjell &
Astleh 24 Alelle Aokdle MET 78S FH ek

_o_
=
cD34 4 AESE ZASAT. Tr*ﬂ.jul?:@. g

(TruCount

[

FACS Calibur (BD Biosciences, San Jose, USA)E A&-3}31
3L CellQuest Pro (BD Biosciences) 2~ E o] & ©]-8-3}¢]

A9

2 B

25 #2492 SpPSS BA L2713 (version 19.0)2 Al
gtk 7 Z1E3ke] 542 chissquare test, ANOVAS:
o]-gsto] AT AhE o] FAYEL % = B
g+ EEAEAR FAEAOH, FoJFEL 005 Wk
2 3Ptk AR ekEE CD34 Y At deo] gl
= 81 tisixe A3 ARA 0 ® FAEE on

o =
B7keriom CD34 ¥ AMESet B VEAE

Table 1. Patient characteristics (n=73)

Age (year) 47 (17~64)
Sex

Male 45 (61.6%)

Female 28 (38.4%)
BSA (m?%) 1.67 (1.36~2.2)
G-CSF duration (day)” 7.2 (1~43)
Interval to APBSCT (month)’ 48 (1~11)
Chemotherapies before mobilization 3.9 (1~7)

(mean)

Number of apheresis 347 =+ 1.68(1~10)

Diagnosis
AML 19 (26.0%)
NHL 26 (35.6%)
MM 28 (38.4%)

Data were expressed as mean * standard deviation (SD) or
number of case.

Abbreviations: BSA, body surface area; G-CSF, granulocyte colony
stimulating factor; AML, acute myelogenous leukemia; NHL,
non-Hodgkin's lymphoma; MM, multiple myeloma.

3}7] $1380A receiver operating characteristic (ROC)E

4

K
34@

CHeh 2tRfel APy 3 4t

20005 497 2012\ 29744 73] 32} (G 45,
o7k 28)9] TxYN FHRAMFE YL sk it 3
o] A#EE 17A5H 6447449 REE HATh A
oo FA44=5d WY (acute myelocytic leukemia, AML)
o] 26.0% (19%), ¥ F (non-hodgkin's lymphoma,
NHL)°] 35.6% (26™8), TFEAd =% (multiple myeloma,
MM)°] 38.4% (28Eﬂ)°] Atk DxFN ZHRAE A=

AR B BF SR F lEsE Sl sk

o
=
LS B9 7FES) ol Fsetan ] Birds

7FegkE §l% Faststano

A+ (G-CSFyE AFE38lgl o, o

at, T°4°‘° 190014 43 =2 A 7.290]0th Fol
& 10pkgs 37 18] FAFSR3ITh

- 133 -



Table 2. The comparison of PBSCs yield among the groups according to general and clinical characteristics

Group 1 Group 2 Group 3
Characteristics (N=15) (N=33) (N=25) P-value
N (%) or mean = SD N (%) or mean = SD N (%) or mean = SD
PBSC
TNC (X 10%kg) 1.58 £ 0.85 1.68 = 0.92 2.53 £ 135 0.010
MNC (X 10¥/kg) 0.74 = 044 0.75 £ 037 0.82 = 0.40 0.775
CD34+ cell (X 10%kg) 0.25 £ 0.23 094 £ 0.72 9.47 £ 10.20 0.001
Sex”
Male 8(17.8) 25 (55.6) 12 (26.7) 0.075
Female 7 (25.0) 8 (28.6) 13 (46.4) 0.075
Age (yrs) 48.33 *+ 14.04 45.15 = 1447 49.60 = 12.16 0.450
Diagnosis
AML 5(30) 12 (60) 2(10) 0.001
NHL 5(20) 17 (64) 4 (16) 0.001
MM 5(18) 4(14.3) 19(67.9) 0.001
BSA 1.64 £ 0.15 1.75 £ 0.16 1.57 £ 0.13 0.001
Prior Radiotherapy”
Yes 5357 6(42.9) 3(21.4) 0.248
No 10 (18.6) 27 (44.1) 22 (37.3) 0.248
Peripheral blood
WBC (X 10*/uL) 571 £ 2.88 6.95 £ 536 6.01 £ 337 0.579
Lym+Mono (%) 2096 £ 11.04 31.72 £ 21.95 26.57 £ 14.98 0.157
HB (g/dL) 9.39 = 1.08 9.57 £ 1.32 9.87 = 1.07 0.426
PLT (X 10¥/uL) 80.00 £ 55.75 116.79 £ 101.13 129.44 £ 80.81 0.217
CD34+ cell (/uL) 399 + 339 10.77 £ 7.53 86.07 = 99.15 0.001

Data were expressed as mean =+ standard deviation (SD) or number of case.

P<0.05 Statistical significance test done by ANOVA, Chi-square test .

Abbreviation: Group 1 collected product CD34+ cells <2 < 10%kg; Group 2, 2 X 10%kg < <6 X 10%kg; Group 3, collected product
CD34+ cells >6 X 10 /kg, PBSC, peripheral blood stell cell; AML, acute myelocytic leukemia; NHL, Non-Hodgkin's lymphoma; MM,
multiple myeloma; WBC, whole blood cell count; MNC, mononuclear cells; TNC, total nucleated cells.
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Fig. 1. CD34+ cells and MNCs in apheresis products, (A)
CD34+ cells, (B) mononuclear cells (MNC).

Table 3. The efficacy of CD34+ cells harvest

Linear regression for CD34+ cells harvest (R?=0.812)
Standard

Estimated

coefficient (B) error P-value
PBPLT 0.002 0.001 0.020
PB CD34+ cell 0.096 0.007 0.001

P<0.05 Statistical significance test done by Linear regression.
Abbreviation: PB, peripheral blood.
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6.0 X 10%gS A7) g8 =gdlof st 7ExE
ABkelth ROC H4l& o] 8-ste] 243 A} CD34 &
4 HE 20X 10%g ©) 471 A 7]EA = 6.1/l
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Fig. 2. ROC analysis of pre-mobilization PB CD34+ cells as a
predictor of minimum (6 % 10%kg) CD34+ cells count in apheresis
product. The best PB CD34+ cells cut-off was 16.80/uL. Positive
predictive value 57.35%, negative predictive value 95.59%. ROC
analysis of pre-mobilization platelet count as a predictor of mini-
mum (6 < 10%kg) CD34+ cells count in apheresis product. The
best platelet count cut-off was 82,500/uL. Positive predictive value
33.04%, negative predictive value 83.80%.

= 48.39%, 95.59%, WAL 80.25%, 86.67%, 0] EE
71.43%, 81.76%%1 T} (Table 4, Fig. 2).
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ok sz 71X E dotry] 93] ROC F4S 0|83}
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Table 4. The recommended cutoff value of PB CD34+ cells count for CD34+ cells of collection product

Target Cutoff value of Sensitivity

Specificity

Positive Negative

CD34+ cells PB CD34+ cells (%) predictive value (%)  predictive value (%) N
>2 X 106/kg 6.1l 80.25 71.43 91.55 48.39 204
>6 < 10%kg 16.8 ul 86.67 81.76 57.35 95.59 204
Data were expressed as ROC analysis.
Abbreviation: PB, peripheral blood.
Table 5. The recommended cutoff value of PB Platelet count for CD34+ cells of collection product
Target Cut off value of Sensitivity Specificity ' Ppsitive ‘N.egative N
CD34+ cells PB platelet (%) predictive value (%)  predictive value (%)
>6 < 10%kg 82,500 62.30 60.71 33.04 83.80 257
Data were expressed as ROC analysis.
Abbreviation: PB, peripheral blood.
Ak #2335 A3l 6 < 10%g ©14+2] CD34 U4 AlE A ZYRAE o]2] HAM FYE FHRA T} T
e dE5sh] Ag Hage] 22N ) dadsre 01]"1 deom 7] Qs CD34 Y AEF
82,500/uLo] ATt olw] -8 0.657, V=L 623%, & A2} BEAG 1.0~20 X 10712 H 7o 7 7
o] %=3= 60.71%%1 Tt (Table 5, Fig. 2). 6}111 5.0~6.0 X 10°7] o]delw <l oz AdefA]
ATt (Sims et al,, 1997). oJ1] HAFEH TxFd =
. A Al BAE ATEAN A Aol Fe
= 99107 3xte] Ao} o], g detslsra
opd AATA A7k DAY ZPWAE o] P BF, YA e £F Fol Julvh qdgivka 1
Fuayel AROR T ANF AS ARHANS FY 3w vt Aok AT el AT 2709 0]
AZI7] A7k BA o R TF 2HRAE oA ] B ARl SRS tIFo® SlY] wiitel] ZF A gl A
HH o7 o] &F I Ut} (Ozkurt et al,, 2010). 1003 A7} gl AyE Hole AAEE Yt (Demirer et al, 1996)
B s 2PRAE o)) FFS FFolHoloith T8 Lee 5 G-CSF 7FESe] whE MATE, v
U Foi g et ofelgel Sl TR ek (D34 A AUAESTE APE D34 B AESE
AAmbE, AFF-91Y] oA To2 ARE Al dS5E e AEd A5 E 7P ZadArE 9

et A77F AEEo] gty AAE Arp dxP 23
U,q]ﬁ o]/\l = uLigou ZI A E o]}\] H]@ojo]
53] Aol ol 1get FEsAl Sk A
1’4— (Hwang et al., 2007).
AdubA o R WxHN ZHWAME AP oAl
FFGA7) S EE = Al oA G-CSFZ 28R
Gxgor 7t 7]al 7hssrt el &=
TR ol g Al M WAl e R A
At 2YRAELE AHYT (Suh et al., 2004). 7}
3 RS oFete xR w2 Ul CD34 A
A7} &3] ARG AL QIARE W Ee] 1 CD34
Al HARE HEo] o
Aat717F olel e Aol wekd Aas A
o] ol Zdal= o] At} (Brecher et al., 1996).
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ofo] A Ao A FAWGTE BES A¥E CD34
A AEF7E Bekor ROC curveol Al CD34 Al Al
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