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All healthy donors performed PBSCH
from January 2016 to January 2025 (n = 230)

Excluded (n = 133)":

Donor under 18 years old (n = 6)
PBSCH with MNC mode (n = 6)
Related haploidentical donor (n = 125)
PBSCH using a HC-SCS (n = 14)

Related healthy donor (n = 47)

Unrelated healthy donor (n = 50)

“Detailed exclusion information (n = 133)

Fig. 1 Flowchart of donor selection.
Abbreviations: MNC, mononuclear cell collection; PBSCH, peripheral blood
stem cell harvest; HC-SCS, highly concentrated-sodium citrate solution
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2016 4 1 A2 5 2025 4E 1 H ¥ <2, PBSCH #% fiifr
L7z 18 iUl L ooifinfs - FEMAS N — &g s L,
T = Z RN ERRENOIE L. B, 1)
JHLTE RS ERER I (continuous mononuclear cell collec-
tion, ¢cMNC)E— N &I, CD34" Ml Ha I R R
RPE 5728 Spectra Optia (Terumo BCT, To-
kyo, Japan) ® HAZEREFIL (mononuclear cell collection,
MNC) ®— FCTHifT S N7z K5 —, 2) YpeTHEL T
W5 HEE CD34 MRS R 7 5 725" MifE B HLA
AN —, 3)AFHARE & IR U CERRIE I oA = R
S & FRD 72720 10% sodium citrate hydrate (Fuso
Pharmaceutical Industries, Osaka, Japan) % F > CTERIM
anticoagulant (AC) kO EHE # 17> 72 K F—, ®DFl 133
Bl (—FBEEBD D ) 1ZBRAL L7z (Fig. 1). A%,
W IR IR B DB AR B R 0K % 2 UK
51 2501-063), 47 N7 7 M AFNTHEME SN

RAEMEHHAAEN &

2 & o PBSCH FHi D & & % /R 3 (Fig.2). 2016

EM WL, filgrastim (400pug/m’ ; Mochida Pharmaceu-
tical CO., Ltd,, Tokyo, Japan) ®#H#5-H% 1 HH &
EF L, MHBEZ TES 4 HH (day 4 #) ISERILL 7=
2023 4% 2 JIDARE, e T AR RS A R BRI (related-
peripheral blood stem cell harvest, R-PBSCH) |Z peg-
filgrastim (7.2mg/body : Mochida Pharmaceutical CO.,
Ltd) 2 L 7-7-0, $RELZ B T #% 5 HHIZ
ZH L7z, TR, RIS R A sl fa $R L
(unrelated-peripheral blood stem cell harvest, UR-
PBSCH) 2B\ T filgrastim # H & FiE5#% 5 HH
(day 5 %) OFRIUET L 7=

FRAH M ER A A ERER

4 (5) HH® GCSF % Bz FiEsf L, 2 RefHI#2 ITERIN
Z B L7z, 42T @ PBSCH 12, Spectra Optia @ ¢cMNC
E— FEHWT, BEBEFIHE I, BR LS
1T X o ThEAT S 7z, KRR FRIREIE PR O 55— B PUSL
IO R HIR & L, WA SR 720 RO
HIRD IR S N7z BT ESE 2 7~ 7% v 2 P(Hap-
pycath NEO ; Medikit Inc., Tokyo, Japan) % W T
FiATV, JEEI16G, 518 R 3 72 35 A 1R I # o A 17
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| From January 2016 to January 2([)2>
Filgrastim (400ug/m?) s.c.

For unrelated donor from February 2023
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Peg-filgrastim (7.2mg) s.c.

I I I I
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Fig. 2 Modifications in apheresis procedures due to changing times.

The schema was partially created using BioRender.com.

G CTHEBR L 7z, [AIC, pre-CD34 el E D 720 D
TR % R L 72, PukEfE#] & LT, anticoagulant citrate
dextrose solution A (ACD-A ; Terumo BCT) % i
L7z, 2Ny Z~ORNGRE : 1ml/4%5, packing factor :
40 Z A L7 SRILTY 7 7 L A 150 TR L, #F
BREM OGP LY 3 TR L. A v —T A
ABARED T T — LD - 7oy, ~~< b2 v b
(Hematocrit, Het) % 3% T (F 72, AC7E A1 08
ml/min/I £IfM{#E & (total blood volume, TBV) Tk
Ta L, BAR 30 sl DL\ 2 e 2 L & i CFE) T
PAMI L7z, BRIMAC HIZ 12 0 1 %@ THIAL, [\
WIS DB EEZ RO L WHEE MR L 2RO FEHT
M L7z RIMEAR T O T 7 — L0555 723G, N —
NDIRG G PR, S DS E O A H
ik, TN T HFRET 5 B A BRI i % ik L 7-.
ANy MEE TR 5720, £@THORF—IZ7
VA IV LK (85mg/ml 5 Nichi-Iko Phar-
maceutical CO., Ltd., Toyama, Japan) % &Il (IDL
oy MRIMEKRO T 47 & —) X ) AEERidE L (22
ml/h), B 7 T R E 5 D SRR Z RO 784,
AT O H W€ 28~35mi/h 12¥w, 4 o ALV
2 818k (Calgen Mini : Calgen Pharmaceuticals, Osaka,
Japan) # B, WM EOREEIT-72. 7T
D grade (¥, B\EOWMEITED TG L 7229,
F9+—o TBV 1%, Spectra Optia ®FI&ERKIC L h &
L7, Bl#BIRED PBV (& N — 1A H 72 0 200m] 125%
52 L, SRILBIAATE T @ pre-CD34 MBaEuHs A8 L 72
%, BEECD34 Mgl s, 4 CD34" cell collection
efficacy 2 (CD34" CE2) 123200V T, UTD L) IZH
¥ PBV 25 L7z fi# PBV (ml)=(H L CD34 " #
Nz [ < 10°48/kg]l x L ¥ ¥ v MEE [ke] x10°)/

(52 CD34° CE2 [%] x pre-CD34" $ila%k [/ul]). %
FETIE I E TOREBRICL Y, e CD34" CE2 : 30%
(wEfE) TLI ¥y MEESH2D 20 x 10°HH LR
TE LM EZ e LCREEE L LaL,
pre-CD34 li%e K+ —/L ¥ ¥ v MEELKED 728,
FRREICL VB PBV R N —1kHEDH 72 250ml
(UR-PBSCH) % 7213 300m! (R-PBSCH) % & 72
Z5YA13YY, i CD34" CE2 @ 60% (i) T 2.0
X 10°MM % ffE PR © & A IR & % 30 4% PBV ICRE L
7o, 0, 7T v, PBSCHIZHED N —o5F
WA A UZEMICB W XM RO EE ZE L
7z. PBV 28 TBV @ 3 f5LL L ORI %, large-volume
leukapheresis (LVL) & %3 L72"Y. CD34" CE2 i,
PBV, pre-CD34" #Millg £, $RHL/ N » 77N CD34 Ml #i2
HEonT, DFoXHIciH LY CD34" CE2 (%)
= (BRI N 7N CD34 il %) / (pre-CD34 il [/l ]
xPBV [ml]x1,000) x100. REA2 HEIZ KA 7ZHE
Blix, 1HHOT— % OAFH L7z |RIUE, Kl 2
Y, Bl 1Y (PRBET 7 L—VAF—ADY
WaEATS), BIRLEE L 1 % 0OR 4 K5I T - 72

WREAIE

411 Bk % (complete blood count, CBC) 1%, ADVIA
2120i hematology analyzer (Siemens Healthineers, Er-
langen, Germany) = JAWCHlllE L7z, S RE3FEER, mig
WEER, HHiEk, BEBiEk, RIFIE LOBRFICEH
E S NPEERRAIR (circulating immature cell, CIC)
B BEIRWATRASH L CHIE L 72, Pre-B X USRI »
7 CD34 %% 1%, Stem-Kit Reagents (Beckman
Coulter Inc., Brea, CA, USA) #fH L, NAVIOS EX
flow cytometer (Beckman Coulter Inc.) % F W THERER
TRATH Al ASIRAT L 72,
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Table 1 Donor characteristics

All Related donor Unrelated donor Pvalue
n=97) (n=47) (n=50)

Age (years), median (range) 41 (18-65) 46 (18-65) 39 (20-54) 0.006
Sex, male, n (%) 62 (63.9) 23 (48.9) 39 (78.0) 0.003
Height (cm), median (range) 166.8 (150.1-191.6) 163.1 (150.1-191.6) 169.7 (150.1-187.6) 0.02
BW (kg), median (range) 64.0 (41.7-98.6) 60.0 (41.7-93.9) 64.4 (48.0-98.6) 0.15
BSA (m? *, median (range) 1.67 (1.33-2.15) 1.61 (1.33-2.13) 1.71 (1.38-2.15) 0.07
TBV (ml), median (range) 4,340 (2,881-6,026) 4,050 (2,881-6,026) 4,481 (2,997-6,003) 0.03
BW ratio (donor/recipient), median (range) 1.08 (0.64-2.85) 108 (0.64-1.61) 107 (0.74-2.85) 1.00
BW ratio (donor/recipient),<1, n (%) 39 (40.2) 8 (38.3) 21 (42.0) 0.84
Venous access, n (%), peripheral, n (%) 97 (100.0) 47 (100.0) 50 (100.0) 1.00
WBC (% 10%/ul), median (range) 40.37 (26.31-79.72) 39.55 (26.31-79.72) 41.39 (28.84-61.70) 0.66

CIC (x 103/ul), median (range) 1.21 (0.10-6.80) 1 18 (0.15-6.62) 121 (0.15-6.80) 0.38

Pre-CD34* cell (/ul), median (range) 43 (11-218) 34 (11-218) 48 (12-178) 0.36

Pre-CD34*cell (/u),<20, n (%) 13 (134) 8 (17.0) 5 (10.0) 0.38

Harvest timing, day 4 after G-CSF, n (%) (n=13) 8 (100.0) 5 (100.0)

Het (%), median (range) 434 (37.7-50.5) 41.0 (37.7-484) 44.7 (37.9-50.5) 0.001
Plt (x10%/ul), median (range) 19.7 (13.2-36.4) 206 (13.2-36.4) 194 (13.2-31.9) 0.22
G-CSF, filgrastim, n (%) 90 (92.8) 40 (85.1) 50 (100.0) 0.005
Harvest timing, day 5 after G-CSF, n (%) 21 (21.6) 8 (17.0) 13 (26.0) 0.33

*Calculated using the Fujimoto formula. Abbreviations: BSA, body surface area; BW, body weight; CIC, circulating immature
cells; G-CSF, granulocyte colony stimulating factor; Het, hematocrit; Plt, platelets; TBV, total blood volume; WBC, white blood cells

HETrET

A OILEIZIE, Mann-Whitney U ME $ 7213
Kruskal-Wallis ¥ % 2 Fl\ 72, 1 7 T —ZH o iR
1%, Fisher O IFMMEZH W2, T XTOKEREIX
AR E & L, fETA BN p <005 & L7z X
TOMEHAENTIX, R (The R Foundation for Statistical
Computing, Vienna, Austria) D7 5 7 4 # )V L —H —
4% =7 x4 ATHA EZR version 1.65 (Jichi Medi-
cal University Saitama Medical Center, Saitama, ]Ja-
pan) % I\ Tiro 72",

B R

Nr—8=

9 4E]C 97 Bl K —IZ PBSCH 24T S v, Mifs
1% 47 B (485%), FEMLFH 1 50 B (51.5%) TH - 72
(Fig.1: Table 1). Ifitfx K — 12 lb~JEL# 8 —1Z,
A BN K (46 [#PH, 18~65] vs. 39 ik [ PH,
20~54], p =0006), HME2%L < (489vs.780%, p
=0003), HE»EH o 72720 (163.1 [#EFH, 150.1~191.6]
vs. 169.7cm [#fi BH, 150.1~187.6], p =0.02), TBV
b K EH»o7 (4050 [HiPA, 2881~6,026] vs. 4481
mil[#iPH, 2,997~6,003], p =003). F>+—/L ¥z
Y MEEIEWRETED Y % <, 39 61(40.2%) O FF—
LIy b XD ARENED - 72 FRIGH O CBC
i, JEMAE B =B CTHEIE RIS VWHICER LT
WhEEZHND Het AR % L5 (410[HBH, 37.7~
4847 vs. 44.7% [#iPH, 37.9~505], p =0001) Z= B
7z. ¥ 7z, 1% K9 — 7 BT pegfilgrastim = i S

727-%, PBSC By B /i
100.0%, p =0.005).
BREER
PRI R DM %2 Table 2 (2R Mk B —I12H~
A K+ —13AREIZL MEMICH > 72720, PBV
b EWEINICH - 72, PBSCH Bl## g fiti 124 43 (3
PH, 86~152) T pre-CD34 B AL, ZOfHE
64 B (66.0%) O FF—12B W\ T B 0i% & L7 LBk
# (FF—fkEH72 0 200ml) ZZEL WRIZ,
Ifiifz K F— & JElfiE K F—CTHEICR 2 ->TEY (p
=001), IERATEETH o 72D M5 K F— 25 61(53.2%),

AEAz#O7z (851 vs.

FEIMLAR K — 17 61 (34.0%) Th o7z, —J5, BHEH
PVHET & o 7203 Mk B — 13 61(27.7%),  FElLkx B

F— 96 (180%) TH-o7z. 42 %] (43.3%) @ KF—
&, LVL o272 L7200, ififg K — 160 G
D D), 2 HENC R SERIe A R o & £ 555
ZHODHIA NV AREAR, WHERRY 1 H CHRIGE
T LHRE LR, ZaMIERLTPBY
% FF—1KEDH72 0 350ml T THE L (ZFORE,
BIUZ 1 HTRT L),

PRI & (IR K —CHEICEMETH -7 (65
[#iPH, 45.6~90.0] vs.70m//min [#ipH, 474~80.0],
p=002). Zhix, |IEEESS, TBV, ACIEAR,
PRI AC HAZHHBIT 5720, AC (EJ\E‘Z—‘, FRIM AC IEig
WM CTHEEEEZRD LR o725 00, TBV »IENMAE
F—THEIREMTH - 72HITGERL TS EEZ S
N7z, ACD-A ¥ 5- 23 FEIMiE N F —CTHEIZE o7z
WS, 7 T VIR EEOFEAERII M TR 30% L F%ETH
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Table 2 Peripheral blood stem cell harvest information

All Related donor Unrelated donor Povalue
(n=97) (n=47) (n=50)

Time to interface formation (min), median (range) 14 (9-41) 15 (9-41) 14 (8-27) 0.11
PBV (ml), median (range) 11,556 (5,616-20,751) 11,254 (5,616-17,881) 12,478 (7,505-20,751) 0.05
PBV/donor BW (ml/kg), median (range) 200 (85-350) 180 (85-350) 200 (100-250) 0.39
Adjusted PBV/donor BW 0.009

<200 42 (43.3) 25 (53.2) 7 (34.0)

No change (=200) 33 (34.0) 9 (19.1) 24 (18.0)

>200 22 (22.7) 13 27.7) 9 (18.0)
Adjusted PBV/donor BW time (min), median (range) 119 (74-167) 118 (83-167) 124 (74-166) 0.34
PBV/TBV, >3, n (%) 42 (43.3) 19 (40.4) 23 (46.0) 0.68
Inlet blood flow rate (ml/min), median (range) 69.4 (45.6-90.0) 65 (45.6-90.0) 70 (47.4-80.0) 0.02
ACD-A infusion rate (ml/min/I), median (range) 1.3 (1.0-1.8) 1.3 (1.1-1.5) 3 (1.0-1.8) 0.32
Inlet to anticoagulant ratio, median (range) 12 (12-15) 12 (12-15) 125 (12-14) 0.67
ACD-A volume (ml), median (range) 1,009 (495-1,846) 963 (495-1,599) 1,055 (619-1,846) 0.04
Calcium gluconate (mg), median (range) 7,030 (3,417-13,005) 6,368 (3,417-13,005) 7,068 (4,616-11,722) 049
Citrate toxicity *, n (%) 091

Grade 0 67 (69.1) 32 (68.1) 35 (70.0)

Grade 1-2 29 (29.9) 14 (29.8) 15 (30.0)

Grade 3-4 1(10) 1(2.1) 0 (0.0

2016-2021 (grade 0/1-2/3-4) (n=59) 20/12/1 14/12/0 0.003

2022-2025 (grade 0/1-2/3-4) (n=38) 12/2/0 21/3/0
Procedure time (min), median (range) 212 (108-340) 205 (108-340) 217 (145-302) 0.31
Procedure time (min),>240, n (%) 24 (24.7) 12 (25.5) 2 (24.0) 1.00
Post-Plt (x 10'/ul), median (range) 13.2 (74-272) 14.1 (74-27.2) 129 (8.4-23.0) 0.26
CD34* CE2 (%), median (range) 59.1 (27.7-101.4) 59.0 (27.7-88.0) 60.0 (36.5-101.4) 0.18
CD34* CE2 (%),<30, n (%) 2(21) 243) 0(0.0) 0.23
CD34* cell/recipient BW (x 10%/kg), median (range) 479 (1.79-14.55) 3.88 (1.79-14.07) 5.52 (2.05-14.55) 0.008
CD34* cell/recipient BW (% 106/kg),<2, n (%) 2(2.1) 2 4.3) 0 (0.0) 0.23
Number of apheresis (days), n (%) 0.23

1 day 95 (97.9) 45 (95.7) 50 (100.0)

2 days 2(2.1) 2 4.3 0 (0.0)

*Graded according to previous reports'? 13, Abbreviations: ACD-A, acid citrate dextrose solution; BW, body weight; CE2, collection effica-
cy 2; PBV, processing blood volume; Plt, platelet; TBV, total blood volume

D, likk FF— 1 FZERSBEMTHo 72, 72, Hik L7275, HEE CD34 MR IC#E TR Y Zdro 7.
SAEMIT BT, LT & i U SiE R 134 JIAR s B —1238 T 2 HM o PBSCH 23224 Y
Mo 7z (424 vs.132%, p =0003). IiLf FF— o1 27 WTFICET 258134 % v b o0, il (0 K —

BT grade 3 & 5 L7278, FIREH ORIUHKrizic 7 v a
VRV 2K O FE AN, FRILE R % i
LHECTHMWETH - 72, FIUFIZWNHECRSTH
D, AR %2 2R 2 WEE L B 25% IFRD 7.
Ifiifgk K — 161 (1.0%) & PBSCH & £ o il /s 4K 54
<8 Ji/ul TH-7z72%, HCOLM/MKINLYE 2 #ii L 7-.
CD34" CE2 & 9fitiix 59.1% T&H - 7273, 30% Aiiii D
IEB % s B —12 260 (21%) D7z (HEESE B
1 HCTHEE CD34 MR 213 5 H)STE ). LK
IV MEED 2D O CD34 Mla IRz K —Cf
B12% < (3.88[#EFA, 1.79~14.07]1vs. 5.52[#EPH, 2.05~
1455] x10°/kg, p =0.008), HEE CD34 Mgz

L Zedho 7210dg K — 2 61 (21% : 12 filgrastim day
4T IE, BHICOTRD TNz, 2 HH ORI % 2
L7z 2 loi s & PBSCH ## &% Table 3127”7 . Case
213, pre-CD34 Mllla ot R As I L 72 #4212 PBV % Bt

EdARaFz— P OFEPIEL D IEE), Lk (Case
2 DHFGNY), G-CSF #4551 day 5 @ WBC <30,000/ul
(MfER & b EHET), Fr—/LI ¥y MRER
<1(Case 1 ®AHFHY) S STz 2HHIE
pre-CD34 ARk AV L 72T, 1 HE & &b
BT HEE CD34 MlfaiaE 2 14 5 1 5 1 Re ks
FWETPRINZS, RE#T Lz, WiER & D
2 HM T8O CD3M M2z RN T E 72720, LI ¥
I MOEE S NI RER G2 o7

FRENEFEA & G-CSF HEIDIEFE D cp34 HllfgIRE I K
Fvee

American Society for Transplantation and Cellular
Therapy D% 4 ¥ 5 4 » Tl&, GCSF 5 1% day 5
IZ PBSCH %479 H3 R S N TV 527, day 4 126
I 5 ERHUZ day 5 & FIFRICRIERIITH 5 L) i b &
%728 PBSCH OB H 2DV TIEHEG 2D 5.
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Table 3 Baseline characteristics and peripheral blood
stem cell harvest information for donors requiring 2
days of collection

Case 1 Case 2

Baseline variables

Age (years) 46 49
Sex Male Female
BW (kg) 582 462
BSA (m?) * 1.64 1.39
TBV (ml) 4371 3,083
BW ratio (donor/recipient) 0.92 1.00
Apheresis variables on day 1
WBC (% 10%/ui) 26.31 42.00
CIC (% 10%/ui) 1.58 042
MNC (% 103/ui) 224 294
CD34 " cell (/ul) 11 17
Hct (%) 432 387
Plt (X 10%/ul) 15.7 27
PBV/donor BW (ml/kg) 200 250
Procedure time (min) 195 248
CD34*CE2 (%) 88.0 45.1
CD34 * cell/recipient BW (X 10%/kg) 1.79 1.92
Apheresis variables on day 2
WBC (% 10%/ui) 31.54 3591
CIC (x 103/ul) 2.84 1.08
MNC (% 103/ui) 378 3.59
CD34*cell (/pl) 26 41
Hct (%) 429 375
Pt (x 10%/ul) 10.7 18.6
PBV/donor BW (ml/kg) 120 170
Procedure time (min) 126 187
CD34*CE2 (%) 69.7 39.6
CD34 * cell/recipient BW (x 10%/kg) 201 277
Outcomes
Total CD34* cell/recipient BW (x 10%/kg) 330 469

*Calculated using the Fujimoto formula. Abbreviations: BW,
body weight; BSA, body surface area; CE2, collection efficacy 2;
CIC, circulating immature cells; Het, hematocrit; MNC, mononu-
clear cells; PBV, processing blood volume; Plt, platelets; TBV, to-
tal blood volume; WBC, white blood cells

Pre-CD34" fllfla%k <20/ul TdH -7z 13 FliE4 T filgras-
timday 4 B CTH o 72F X ) (Table 1), FRIUED] (fil-
grastim day 4 vs.5) % G-CSF #A| O (filgrastim
vs. pegfilgrastim) 7% pre-CD34 " #ll g % %> CD34" CE2
1252 528 Mat L7z, k& MARICY, filgrastim
day 5 #ETld day 4 #E & LI L, pre-CD34 a3 A
BIZE D o7z (Fig. 3A + 335 [#iPH, 11~218] vs. 68/
wl [#iPH, 36~178], p < 0.001). —7%, CD34" CE2
AL (Fig 3B 615 [#ipH, 289~1014] vs.
49.8% [#fiPH, 36.5~66.1]1, p =0.005), pre-CD34 fiiz
% 2 L0 a0 CIER S 7z CD34 MilfafE
WL 72 27280, FREUR — b6 ORIRAA T o
T2 REVEDRIE X 7% Pegfilgrastim #1281 5 pre-
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Fig. 3 Effect of collection timing, and type of granulocyte colony stimulating factor product on (A)
pre-CD34*cell and (B) CD34* CE2.
Statistical significance was assessed using the Kruskal-Wallis test. Abbreviations: collection effica-
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OPTIMIZING PERIPHERAL BLOOD STEM CELL HARVEST PROCEDURES:
A SINGLE INSTITUTE RETROSPECTIVE ANALYSIS
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Abstract:

In allogeneic-hematopoietic stem cell transplantation, peripheral blood stem cell harvest (PBSCH) is a lesser bur-
den for the donor than bone marrow harvest and has been widely used in Japan. However, there are individual differ-
ences in collection efficiency, and establishing an optimal procedure that does not increase the donor burden is war-
ranted. Since 2016, we have optimized the PBSCH procedure by measuring PB-CD34-positive (CD34") cell counts just
before initiating PBSCH and adjusting processing blood volume (PBV) individually. We investigated the efficacy and
safety of this procedure in 97 donors (related, 47; unrelated, 50) who underwent allogeneic PBSCH at our institution
between January 2016 and January 2025. Adjusted PBV was calculated at a median of 133 min (range, 74-167) after
PBSCH initiation, and 42 (43.3%) donors experienced a reduction from their initial PBV (200ml/donor body weight).
As aresult, target CD34" cell yields could be collected from 95/97 (97.9%) donors in a single day. Establishment of an
optimal PBSCH procedure may contribute to a reduction in donor burden.

Keywords:
CD34" cell, allogeneic peripheral blood stem cell harvest, citrate toxicity
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