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= Abstract =

Large-Volume Leukapheresis for Collection of Peripheral Blood Stem Cells
- A Comparison of Two Continous Flow Cell Separators =

Chung Hyun Nahm. M.D.'. Hwan Sup Lim, M.D.", Sung Ran Cho, M.D.’
Hyun Ok Kim, M.D.", Oh Hun Kwen, M.D." and Yoo Hong Min. M.D.*

Department af Clinical Pathologyl, Internal Medicine’
Yonsei University Medical College, Seoul, Korea

Backgrond : Mobilized peripheral blood stem cells(PBSCs) are now used increasingly in
patients with hematologic and solid tumors 10 reconstitute  hematopoiesis after  dose-intensive
chemotherapy. We evaluated the efficacy of large-volume leukapheresis(LVL) and compared the
ability of Fenwal CS3000 Plus and Cobe Spectra to collect mononuclear cellsiMNCs) for
PBSCT.

Methods : Twenty liters of whole blood per LVL were processed in 22 patients with acute
leukemia and lymphoma, LVL were performed in rapid recovery phase (white cells =3 % 10°/L,
or CD34' cells> 1% of white cells) after chemotherapy followed by granulocyte-colony
stimulating factor. The end poimt of LVL was miononuclear cells  (MNCs) =8 10 kg, or
CD34" cells > ﬁ,-i]l:lﬁ',n'kg. A-35 collection chamber was used in Fenwal CS3000 Plus and whole
blood flow was set at 85ml/min, whole blood to anticoagulant ratio 11-13:1, interface offset
150. MNC procedure was used in Cobe Spectra, whole blood flow was 90— 100mL{min, whole
blood 10 anticoagulant ratio 24:1 with heparin 10 anticoagulant and product bags, collection rate
Iml/min, and hematocrit 2—3%.

Results : Total 53 LVL(35 with Fenwal CS3000 Plus and 18 with Cobe Spectra) were
performed on 22 patients. An average of 24 LVL per patieni(range |—4) were performed.
With Fenwal CS3000 Plus, post-LVL values of hematocri, platelets and MNCs were reduced
by 12.4%,-53.1%, and 33.0% and with Cobe Spectra, 9.2%, 36.1%, and 39.6%, respectively.
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Mean collection volume of Fenwal CS3000 Plus and Cobe Spectra were 135.7mL and
175.2mL per LVL, respectively. There was no statistical significant difference in the yields
of LVL between Fenwal CS3000 Plus(3.4+1.9% 10%kg MNCs, 7.2+ 112 % 10%kg CD34°
cells) and Spectra(4.7+2.1 10°/kg MNCs, 7.4%9.6% 107kg CD34" cells). The yields of
LVL were correlated well with patients’ pre-MNC counts in both cell separators. Mean
percentages of MNC were 95.4% with Fenwal CS3000 Plus and 74.0% with Cobe Spectra
(F<0.001) and collection efficiencies were 536 = 18.8% and 57.3 +27.8%, respectively( P>
0.05). LVL product with Cobe Spectra contained less red cells(10.5+=2.7mL) than Fenwal
CS3000 Plus(34.1 = 10.8mL)(P<0.001). Platelet contamination was not different for Fenwal
CS3000 Plus(23+2.1% 10"y and Cobe Spectra(3.1 + 1.0 10",

Conclusion : LVL could be conveniently used for PBSC collection with good
collection efficiency and safety without serious citrate toxicities, LVL products with Fenwal
C53000 Plus showed less collection volume and granulocyte contamination. The producis
with Cobe Spectra showed less red cell contamination and less decrease in patients’ platelet

counts,

Key Words : Large-volume leukapheresis, Peripheral blood stem cells, Fenwal CS3000

Plus, Cobe Spectra
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Hej B Baly]  Fenwal CS3000 Plus{Baxter
Healthcare Corporation, Deerfield, 1L, USA)&}

Cobe Spectra(Cobe BCT, Lackewood, CO, USA)
E o|&eled wiEFRubeS ARl 2 3
e dgraew shHTe el olE F
G-CSF(Filgrastim, Kirin, Japan)§ 1% 5 ugfkg4
HeleAsigict ol #hale]l "ol CD34T Al
£o] vl &S E4sto] wiETFr} 3x107L o]dol
AL} cD34” HE7} FalEe] 1% o]-del el
A g pEke AA] = Ao FHeE]
(Mahurkar Catheter, Quinton Inistrument Company,
Seattle, USA)E Abalsla, okt 8= 10%kg |4k
I CD34" AE 6x10%kg o) A3 wintA
efel wjEpRules Adsigdch 18] HEASE
2 200412, %h2i2] HelZHone blood volume)
o] A" wivjcl offgaE 0.3mgy Hsatst
2lcHTable 1).
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1) (|22 wEFREkE - Fenwal C53000
- Plus - -

3l 1 wWEal(modified procedure #1)] w2

3+ F-2l¥lgranulocyte separation chamber)2}
A-35 =AuHcollection chamber) S #bEhsio] A8
shgieh. Wi slle] HngEel sSmL/Eow,

Aeygl sF2aae] v]E2 11-13:15, interphase
offset detector:= 15022 dAaledc} ",

2) L2 WgTREkE - Cobe Spectra

chell = =3 ul(MNC  collection  procedure)ed]
we} A4jsigdel”. A} el ulg 240
72 AdAsla g2 a 500mLw #H=hgl 3,000%H]
¥ Hoksha, ARl slskel 10009915 A7)
stgieh, "idries 90~ 100mLE, T3S ES Im
Loz dasigon, #ufEzEE 2-4%7)
HES Sorow splslel 4EBSA Al
e

3) WETEYS0 2 7y BHE

i) SrEabs 4] He) o] ghale] EDTA A
HE A¥sle] Uyeuishyas, WETF 3 8k
# ARV Sk

4) AHEE MES ML 2 CD34 &F

W PG DRE 2 WYl ImLd T
FHoE EDTA sl 22lehe] AEYTEH
iTechnicon H-3, Miles Incorp, Tarry Town,
NY, USA)R 35 F4zte] Ay diagh
QIS E Aol wEFTE TR 5
st EUEES Wright ¢f4ste] chelSd] 345 A
A= 1 R (S R B
CD34-FITC(Becton Dickinson, Mountainview, CA,
UsA)gl wh2A]F7l ¥, FACSCAN(Beckton Dic-
kinson, USA)C.& M4lsle] CD34" A)E2) vl
FAskaid

W] JLEubaz o] chel it 3] f-E(collection effi-
ciency) & the 341& o] &alo] Altsisict

MMNC®  product
volume(mL)

Collection _ vl
Efficiency (preMNC” + postMNC)/2
(%) » processing volume{mL)

a, mononuclear cell count in product(fmL)

b, precollection mononuclear cell  count  in
patient(fmL)
¢, postcollection mononulear cell  count  in

patient(fmL)
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Tf._ble 1. Clinical Characteristics of the Patients

MNC/kg

, , . CD34+/kg
No. SexfAge(yr) Diagnosis Chemotherapy  Cytokine  No. of LVL (% 108) (% 106)
1 M/35 AML{M2) ID AraC/lda G-CSF 2 1.7 16.2
2 F/35 AML(M2) ID AraC/lda G-CSF 3 9.7 0.37
3 M/16 AML(M3) MEC G-C5F 1 4.4 16.6
4 M/25 AML(M4) MEC G-C5F 3 10.2 57
5 M,30 AML(M4) MEC G-CSF 3 6.8 1.6
[§] M/34 AML(M4) LD AraC/Mito G-CS5F 2 12.4 16.8
7 M/52 AML(M4) MEC G-C5F 3 80 B8
8 M/57 AML(M4) TAD G-C5F 2 13.7 243
9 F/l6 AML(M4) MEC G-CSF 2 14.4 28.1
10 Ff22 AML(M4) LD AraC/Mito G-CS5F 2 12.0 133
11 Ffl6 AML(MS) MEC G-CSF 2 7.8 12.6
12 M/18 ALL(LI) MEC G-CSF 2 21.5 129.1
13 M21 ALL(L2) ID AraC/lda G-CSF 3 8.6 7.8
14 M1 ALL(L2) HD AraC/Amsa  G-CSF 3 B.2 9.4
15 MyaT ALL{L2) ID AraC/lda G-CSF 3 7.8 99.9
[{s] Fi16 ALLI(L2) 1D AraC/lda G-CS5F 4 8.9 7.4
17 Fj32 ALL(L2) MEC G-CS5F 2 17.4 932
18 M/53 Lymphoma - G-CSF 2 6.1 0.63
19 F/32 Lymphoma CHOP G-CSF 2 7.5 204
20 M/S0 Melanoma — G-CS5F 2 g4 7.2
21 M;73 Renal cell ca - G-CSF 3 8.3 79
22 F/56 Stomach ca G-CSF 2 4.8 5.9

Abbreviations; LVL : large-volume leukapheresis; AML : acute myeloid leukemia; ALL :acute lymphoblastic
leukemia; MEC : mitoxantrone, VP-16, intermediate-dose cytosine arabinoside; 1D AraC . intermediate-dose
cytosine arabinoside; Ida : idarubicin, Mito : mitoxantrone; LD AraC : low-dose cytosine arabinoside; TAD :
6-TG, cytosine arabinoside, daunorubicin; HD AraC : high-dose cytosine arabinoside; Amsa : amsacine,
CHOP : cyclophosphamide, doxorubicin, vincristine, prednisone; G-CSF : granulocyte-colony stimulating factor
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Fenwal CS3000 Plus® w&ltsulag A|sfzl

Tellde 139 sefEaElE 124%, Hagt
53.1%7F 7}A#lelw, Cobe Spectra2] 74 zh=}
0.2%, 36.1%7F ZAstol, Wane] AE FoH
o] E HodchP<0.05). sk Zhzh 33.0%,
39.6%7} 7HAsgla, CD34' MEe] vl zhzt
14.5%, 14.7% 7} ZpAspgd o P=0.05)(Table 2).
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Fenwal CS3000 Plus®2} Cobe Spectra®] 13 3
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Table 2. Hematologic Cell Counts Before and After the Leukapheresis in Two Cont

Separators
Fenwal CS3000 Plus Cobe Spectra
Before After % Change Before After % Change
Hemartocrit( %) 30,1433 264+290 12.4 0E+24 204+38 9.2
Platelets( = 10%L)" 93+ 77 42+35 531 77+ 16 54+12 36.1
MNCs( x 10°L) 23+1.6 1.5+0.8 33.0 3.2+20 21+14 39.6
CD34(%) 2.1+35 17429 14.5 7.4+07 5.4+4.7 14.7
" P<0.05 mean*tSD
Table 3. Yields of Large-Volume Leukaphe
with Fenwal CS3000 Plus and -
N
Spectra 14
Fenwal 12t y=1.03x+1.23 .
CS3000 Plus COD€ Spectra r=0.79, P< 0,001
Collection 135.7+28.8 175.2+30.0 g
volume/LVL(mL)’ )
Duration/LVL{min) 252+ 18 229412 é
MNC(%)' 054+73  740+224 £
MNCs/LVL{ = 10%kg) 34+1.6 47+2.1
CD34" cells(%) 1.9+3.2 21+25
CD34" cells/LVL 68+ 1.1 42420 .
f
(= 107 kg) 1 . PEE-MNC( % 10%/L)
RBC/LVL(mL) 34.1+108 105+27 _
w 1] + +
Platclets/ L\fl.{ *107) 2.3+2.1 3.1+32 Fig. 1. Correlations between pre-mononuclear cell
MNC efficiency(%) 536+188 57.3%27.8 counts and yields of large-volume leuka-

Y. P<005 " P<0.001, mean=SD

7} zhzh 20511210, 3.1+£1.8x10"44 2=
g, Aol abE ghelFs 2zt 3.4+ 1.9 <107k,
4.7+2.1x10%kg, 8l3 CD34 SRAAIEE 7.2+
11.2 % 10%kg, 7.479.6x10°kg707} 203 =) 2]
9 iy cheigte] w2 7 954 17.3%,
74.0+22.4% 930 P<0.001), CD34" HE2] v|&&
zhzh 1.0+32%, 2,1 £2.5% %) 5 ]2 et
A ESS S36+H18.8%, 57327 BRUCHP >
0.05). " -

wig] LBl 13k AHES= Fenwal CS53000
Plusell4] 34.1mL, Cobe Spectracl|4] 10.5mL7} &
ql=lgl s P<0,001), A0 zh2h 23421210,
3.1+3.2x10" 7} E{) = glchTable 3).

pheresis.
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o] o] A AjEe] 917 shi ghajulcl 7}
FA717F Aolstz 2 Al7|7L gol 5% o9 =
HRAES o7 HiHe AAAANE AFe] 24
slodof g}

2 ol wgFEdkE AAE g2 ¥
Trol CD34° AEZB| &3 oY FHslo] WSS
7} 3x10°/L o]l A} CD34" AE7} FuiglT o]
1% o]l helelld wWHFEubEE HASSEL
T57158 H 5 Pad gelaes Eaaled o
g} 1~8x10%kg, CD34' AE2] & 1-5x107
kpoz Husly glon) ofF Helxl v glow
H-1 w CcD34EM S utEale ME F CD34,
CD33, HLA-DR', CD71°, CD38°¢l 4] ¥5}e] A
¥ =Ry EQ Ao <gejd o B ool

= gkt 8 x 10 kg, CD34" M= 52 10%kg
s REE Buked AtlEedch Habed i
g pEubes 3" CD34” AHFEe off F
CD34'/HLA-DR" 4 ¥7} 94.2%, CD34"/CD33" 4
F7}85.6%, CD34"/CD3R" AHE7} 97.1%, a2l
CD 347fc-kit” #HE7} 142%¢8 Eo% vl glch
18]

13] 8~12L2] HHE Agsts ET &5 d
FrEuks(standard-volume leukapheresis)2 20~ 80mL
JEe HFEER Algse] o]4e] Hadh FEE
oks] ZERAEE Y7 -Helels HE 1026
~173)2] PubES Alsgsloof stu2' ole} 72
& Eubge] 3ls) 7]7ko] PBSCTE| EAIHR
Lt A=l gk £ B s AdEA 59
MF Bko] Wola] BEENA ARFN Filo] T
o] HaslA =i, o444 FUEE DMS02] kol
ZobstA Hoz gaeld FE, #Hshde §e
DMSO S4o] $2=glch ol hg& Haks}
Al B e el 4= 12] 20L{3—4 blood volume)
o] AHF Alwshs hEF 8k (arge-volume
leukapheresis, " LVL)-& 85mL/& o|4he] £57 A
shalo] HEF 2432 AlgE FE3 o] 2HEA
¥ s + ik HREES FThd @E
citrate =45 wka]e}r] H#led Fenwal CS3000
Plus®] 735 one blood volume *e]A|lujpct d#}7t

w8 03mg4 AFodelgdsr, Cobe Spectras] 7
T Ady guAs vlEE 24:171A Fela of
Al sl AehE $7ME ARy 54
gh Rabgp ghabs)R] obehel odtRbel] whel wiy
TRl £ A"xe|ek 0L ofste}l 15L o)g9
Aol A7k R A wolly YEE sl
A Ar Hgxeige] Weold % AR
CFU-GMe| 1.8~25u)7} Z=psjoicla Hasia
Qb ¥ elg) o] L AlsAHo) ge 5
o] ZYRAHES AMFAY F USS BT WHS
Fube zhallr} =HRAE sHssbe] 3 wiye] s
T+ ¢le-g A Fa gld = iy W¥HFTE
Hba AlSA] A7 wha]7) 7] $jele] "URGES
27k 7] A9 mad olgA fhess 7R
7} oI5 4 o|FeiFcla eheA glet, U o
Fihe 28y HFSEE USF SR g
#o| o] HgAelela Fakslr|w bl

T 71712 WESRykes AT fAlre] A

wd #Hgells Aelrt gzl WEHTEERE 15

A& #HelE=z|ES Fenwal CS3000 Plusgto]
12.4%, Cobe Spectra2 9.2%7} AP <
0.05), "HAxp= 27 531%, 36.1%7F Tl
Cobe Spectra2] ®HaA4gk Fhige] FouAl Halcl
(P<0.05). 7= 7 7]7<dlA  ZHzh 33.0%,
39.6%7 ZhAsla, CD34 ] &E 7 145%,
14.7% 7} Zhaste] 5 Tl fe2lg Aolvt qlzl
thP >005). e o2 «lFAEe Cobe
Spectra @ 44| &8 APl svlEge|Eg wligl
F7F 10%, 60% W=l Fasigickan Howshed
Fenwal CS3000 Pluse} §44F Ankg viebdigich
g, 19

Fenwal CS3000 Plusg} Cobe Spectra2] 13] &
F |3 8eke zheb 135.7mL, 175.2mLE(P <0.05)
MR geke] FHE4LHF YEHEIe] Relsiwlon
DMSO Apgake] 22 AHe] glich 13] g
Hal A7k zhzb 252418, 229:112%0]4 =,
Fenwal CS3000 Plusy 31557l 85SmL/2oE
HEt=le] 9lo] o o]4e] AlZkdEE #7lssl3
ok 13 2] wiEgFEveR AHs Fedare 7t
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Zb 20+1.1%10", 3.0+1.8x10"e|gia, HFel
Wi chalgal 34+19%10%kg, 47121
10% kg &leH P=0.05). A5 WaF F ghelgte] v
&% Fenwal CS53000 Plus?} =7 95.4% 5 Cobe
Spectra2] 74.0%el ulsle]  felEtAl bl
(P<0.001), Cobe Spectra2] 715 7Hg3t & |5
o #| 2] gro}l whelFse] obgs]x] g hajel] gl
o)A #hge] Eslo] B2 AT Evh 1T
Eqe] weom FH 9 siFabgels mEAt sy
2= glste] F9]4] L&Al ks 7 oglen
2 o] #Heof HFe2lledol #}ck Fenwal CS3000
Plusf= W -iils Hdlel] 44 2E g4o] 7
Eisle] qlglar =Fel UAE e 4EE =
Zas Wik 5 sle by, Cobe Spectrac
chall g afF]alele] g Soko R Eqluluidy #w}
Exgley} 2-3%7F EEF colorgramg HEWHA
Fxo0.7 zAsloo} dlwl o] HE w4F YR
=A% 5 gl aAde] © 5 qlalo izl
ahiba = chete] obAlx|a] Faled Age]
a7 AHld = Fojof = WHlde] gk
upzl4] Cobe Specra2] -5 #Hgl4-2] ESle] W
o 73 olEigt FE=He] «ddke] oflgly AR
Slc). CD34" M| E9) v]§ 7H7 2342.1%, 24+
26%E 13]e] wi¥ERdkER 7.2511.2x%10%kg,
7.4+9.6%10%kge] CD34' MEE o3& F Uik
i 5 7|79 skt AFleE T 536%
188%, 57.3£27.8%2 Rl Ze|7} glalos(p
>0.05), AF7A HaE AW Ew v A
5‘_?5,1:]-“'3”.

WA R = A FEE ghatke] whxge] ] CD34
AEFe fole Ads Zerkn HnE obe
glovb? 2 el Fabelgla, oAl R
chall ot} ghape] pubed bl gt
BAg vehigleo(r=0.73, P<0.05)(Fig. 1) ol&
=M. waele Uxlsigick  webal
PBSC MEA 71§ ATl o] g i+
FE Az s o] Fozlzt YrElgion] 2
dyel] mpEw 13 HETEGER 3x107kg o
Abe] el s afFelr] $elde wagEe] o o

Oliviery

#l47h 22107 L ol4felolol shs o I
wlglch % whEgoid] CD34 sk 4| E2] vlfol
1% o|slel 3w a4l 8% CD34 HE
2 A Y 5+ ggledl, oF 2dhdl4e= getady
o g 59 ARkl 1 Yo F5H9
e},

A skl Eqisl HYqte] B2
Fenwal CS3000 Plus?} 3+ 34.1mL2ld] v]sled
Cobe Spectraz} 10.5mLE  f-23tA HelchP<
0.001). Fenwal CS3000 Plus2] 745 <42 44
of] glol4] yieldE Fo]iiz} interface offset detec
ors 15002 A d3sigiens YT £
wigtel Hog AEgch #H¥e] Eqle] ghew
Wi ul sisatdeld Bdo| glopg Fkape] 4E
o] ol Al=|m 2™ interface offset detectord 7|
zAgo 2y HdF EQE Y T et A4
zbelch = si4g £9e| 7§ Fenwal CS3000
Plus7} Cobe Spectra2] 2ullef] 7pgelsr 284 B
A% glged” B el F 7|7lellA] 7
23x10", 31x10"2 Feg Ae|7k fHeHP <
0.05).

ol ol m¥EFok FhajellA] HEx =UEAE
AL g e AT dn £
nakg glo] M AEslrE SET o2 =EE
AEE AFE 5 glo] kHsans Held 4o
2 gzEged, F 717 BF vad 353 2
A Az & EHele] shajaFle] 7w
& 7oz Hrhsdek 2 F 7715 vz
™ Fenwal CS3000 Plus: 2457+ £4o] FHa ok
15t u)go] ko] slels AHe] e vk &
9% #HEF Kke| gheka, Cobe Spectrays HE
F2] Ele] Ha #ajel "iwbpe] At A
o] glaivl vk AfF Eske] B H3 byt
Hl§-& F7l4les =Hslolol F| R ghale] w}
g7 o] w2 whle] algich

2 o}

i & - uE =494 FEo]4] <« (peripheral blood
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stem cell transplantation)2 4ol 7} Lagls,
Z7)so] 78R 52 Aale] qle] €A
3 ul sEiEckd| 4] o] fe] Frlwla glch 2
el i =URAE g flele] Augl
~digloll gifigt sey ul mE Tk Hap 2294
CS53000  Plus(Baxier
Deerfield, 1L, USA)2} Cobe Spectra{Cobe Labo-
ratories, Lakewood, CO, USA)& o8&l W=
2 P HE NFE $F oSk gt s A
Alghat o AHE w2 Btk

uh | : 3EtayF G-CSFE 5 pgkgd] oY I
wpEAsha, gy wEFETL 311071 o4
i CD34' AErp 3] 1% o] dEE B
B ol gx10%kg i CD34 AT 6%
10%kg707t AR w7zt ey wlE RS
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