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High Dose Chemotherapy and Autologous Peripheral Blood Stem Cell
Transplantation in Pediatric Patients with High-risk Neuroblastoma

Sinyoung Kim', Yangsoon Lee', Chuhl-Joo Lyu?, Eun-Jung Baek',
Han-Soo Kim', Kyongae Lee', Hyun Ok Kim'

Departments of Laboratory Medicine' and Pediatrics’, Yonsei University College of Medicine, Seoul, Korea

Background: High dose chemotherapy followed by autologous peripheral blood stem cell transplantation
(PBSCT) has become standard therapy for high-risk neuroblastoma patients. We performed a retrospective
analysis to assess the characteristics of peripheral blood stem cell harvest (PBSCH) and PBSCT and its clinical
outcome.

Methods: We reviewed 17 cases of patients with high-risk neuroblastoma that underwent PBSCH and/or high
dose chemotherapy followed by PBSCT.

Results: Sixteen patients had stage IV neuroblastoma and one patient had a stage III neuroblastoma with MYCN
amplification. The median age of the 17 patients was 43 months (range 22~ 114 months) and the median body
weight was 15 kg (range 10~24 kg). After induction chemotherapy using a modified N7 protocol, 34 PBSCHs
(1.5 leukapheresis per PBSCH) were performed. A statistically significant correlation was found between the
pre-leukapheresis CD34" cell count and the total number CD34" cells of the harvested products (P<0.0001).
Tyrosine hydroxylase mRNA was not detected by RT-PCR in all of the leukapheresis products. High dose
chemotherapy followed by PBSCT was performed in 24 cases. The mean infused CD34" cell dose was
4.01X106/kg and WBC and platelet engraftment was performed on day 12.0 and 21.5, respectively. Eleven
patients died, and six patients are surviving 11 to 68 months after PBSCT (median survival time, 35 months).
Conclusion: In this single institution study, treatment with high dose chemotherapy and PBSCT was performed
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successfully for children with high-risk neuroblastoma. (Korean J Blood Transfus 2007;18:227-238)

Key words: High-risk neuroblastoma, Peripheral blood stem cell harvest, Peripheral blood stem cell

transplantation
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20019 59 HE 20069 1297}A] Al HgkAH]
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=
Qo A7} B RAE Q&S AW 207
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o] ghApol
o]

a2 Haqde BAsg,

N fu AR J% off BN
fo

A7 BA|EF2] W 7]+ International Neurobla-
stoma Staging System (INSS)’& 7]F2. 2 3¢l
H, AR EAEFTS] AHE 24 INssoll &t
7], A5k BA1 9] o] B Feke] EAE Agst
+ Children’s Oncology Group (COG) Neurobla-
stoma Risk Grouping ¥ 7ol ule}A] AJ38s}4ich.
I A A BAHEZS] 2] 55 Memorial Sloan
Kettering Cancer Center (MSKCC)oll4] A| 3§35}
N7 protocol” & Westo] Ajsigon, ol&
Table 10l] 29F5}%it}.

o x

3. HxEA

fuk
e

2AM

H

ME=

Aol A CAV cycle (cyclophosphamide, doxo-
rubicin, vincristine) 2%}#]¢} P/VP cycle (cisplatin,
VP-16) 13tel| <t shetew o) A dte) -
= Sl Aol A A FoFol F

x| 2] 9E31 tyrosine hydroxylase mRNA7} 7 &5
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Table 1. N7 protocol

Chemotherapy
CAVx4 (1, 2, 4 and 6 courses)
Cyclophosphamide, 70 mg/kg/d (with mesna),
day 0~1
Doxorubicin, 25 mg/m’d, day 0~2
Vincristine, 0.022 mg/kg/d, day 0~2
P/VPx3 (3, 5 and 7 courses)
Cisplatin, 50 mg/mz/d, day 0~3
VP-16, 200 mg/m’/d, day 0~2
G-CSF until ANC recovers to >500/ul.
Surgery
Gross total resection usually after
4 cycles of chemotherapy
Stem cell harvest
When marrow is histologically free
of neuroblastoma

Abbreviation: ANC, absolute neutrophil count.

A ¢om, G-CSF (5~ 10 1gkg)E Foldto] =
BEAE 53 o] F Tx N ZFEAE AF]
< Aldstgion, Aol net F7HH Qe

o
5 3 SIS 20
oF wEY 2ARAT APEL

o, BE Aol A CS-3000 plus (Baxter Heal-
thcare, Deerfield, USA) A& A-&3}9ch A
s 3 R N e tEFWE
2881 a1, 8F-8-31A| = acid citrate dextrose solu-
tion (500 mL, Baxter Healthcare)ol] heparin (3,000
unit; F2| Ak, AZ, )& kel A&k
ok A e A EdhlE 2418 24
stk BE 37t AlF 25 kg o] 5He] Lo} 3
ofzAl Al Pozkel F9< 9l8] ABO 59
W7 AA A 24 5EET 19912 )
71% w]2] primingdt & A]ZFslgdch

TARE AFTAEFAA A ZBLAL o]

4. CD34" MZ= AHH 9 tyrosine hydro-
xylase mRNA #Z

7% R 2URAE A4 CD’
MESFE Stem-Kit (Beckman Coulter, Fullerton,
USA)E 3 Q4 & FAIEEA7](Coulter EPICS
XL; Beckman Coulter)E ©]-&3lo] =39t o
xeo) 2 RAE o 4% A AE F 2YA
gl oD’ AES AEES Hlelo) 9
3}o] 7-AAD (7-amino-actinomycin D)E % 7}35}o]

]

TN 2 BAE AHEollA mlAzE AF
REAEF AES AEs7] ste] 718 gy
)2 tyrosine hydroxylase mRNA S AA F3ta 4
o3 2]HF-5-(reverse transcriptase-polymerase chain re-
action, RT-PCR)& Al 3§a}3ich W& QoFsid,
AA 2 5E RNA 5% 7] E(TRIZOL reagent, BD
Biosciences, Franklin Lakes, USA)E o] &3} &
W& RNAE 553}, First strand cDNA syn-
thesis kit for RT-PCR (Roche Diagnostics, Mann-
heim, Germany)®} oligo-dT primers ©]-&3}o]
cDNAE FA513ict F49= cDNAE AlbAl| THL
(5*-TGTCAGAGCTGGACAAGTGT-3"), TH2 (5'-
GATATTGTCTTCCCGGTAGC-3)Z 14} RT-PCR
S ASYet &, AA] TH3 (5°-GTTCGACCCT-
GACCTGGACT-3"), TH4 (5’-TGTACTGGAAGG-
CGATCTCA-3)E ©]-&3}od nested RT-PCR= A
systo] SEH S BASH T B =T
o 2F B-acting A&

5. SHEH

EAEAL SPSS ZZ I M (version 11, SPSS
Inc., Chicago, USA) o]-&-3}9j o, 13} wigd 4 A
EAAET 2, 32k W T ARzl dolA
7+E A 52 Aol Mann-Whitney U testE Al

ix
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sYsloict. ek W = RAEY AR A7
77 9] d|&Felztz

A Z=9} xH '{P o] F CD34" M| EF 9‘& s
SASE ey

CD34’ lﬂifF% LR = Rl ) *ﬂzﬁ‘ *171
o] A3AI= Spearman “HEA S A5}t
At ZH‘:‘m A71o 2 A oste] # AT i
T FAA A5 Kaplan-Meier 37415 o] &
hglon BAAHE 20079 11922 A3
o} P<0.05% W AR 23t Zpol & Hel
tha gebsledch

4 o

1. X2l EM
Z 1749 3 AA shatoll A A

ARNEZE

W2 At o, ofx} ol om, AFS FUY%k
15 kg (10~24 kg), Vol F43k 4370422~ 114
NDE 1A v]uke] A= glaich(Table 2). A7
BAZZE2 W7]E= stage IV7F 16¢]], MYCN &%
o] IZ == stage M7} 1419121, A7 Uxﬂ}‘_ =
/] o_]t:ll- H'f]L HA] 1501] 17:]5 loﬂ ‘?-1‘701’

1oflo]glem, 2] e 100le4 A3
o A% gAsl 85 Aelgel o AR

VMA (vanillylamandelic acid) = HVA (homo-
vanillic acid)= ZAAZE A= 129 5 109l A]
S7hek &£712 Bk Awk dA1 9] 1 ferritin
HFZ BT 4183 ng/mL (42.5~894.1 ng/mL), &
< neuron-specific enolase (NSE) &% &5+ 305
ng/mL (26~969 ng/mL), 33 lactate dehydro-
genase D% FE+ 2962 IU/L (638~ 18530 IU/L)
2 A AE Be didTelA Sk &4
= B3k olgd aAq@T ABRAEF
= etslst el Table 10l EAIGE tHZ CAV

(cyclophosphamide, doxorubicin, vincristine)@} P/
VP (cisplatin, etoposide)*c" Aal% =A o uhehA
APstger & 4a~6F7]9 $% detsleta
A3y & 75‘ E’Jﬂ 9 v ZAE A=s89
o, g A T4 2717F mig 2AY, A
AL 57 2 AF T4 e e F7b

stoirk

2. 4xEY TEDME HEs

Z 177 9] shapollA], 3Fet 3kt e @ G-CSF
o] oﬂ o3t dxI N 2H R AT FE3S A4
shol % 34309 WxP 2YRAL ANES
Asiek. 34219 WPy 2PRAE A
ol A g+t 15§J(1~ 33))e] Wi QLA R Eol
AEo], § 52819 MPT ARAE] A8

Table 2. Patient’s characteristics

Characteristics N %
Age at diagnosis (months)

Median (range) 43 (22~114)

<36 8 47

>36 9 53
Weight at first leukapheresis (kg)

Median (range) 15 (10~24)
Sex

Male 9 53

Female 8 47
Primary tumor site

Adrenal gland 15 88

Mediastinum 1 6

Retroperitoneum 1 6
Bone marrow involvement

Involve 10 59

Not involve 7 41
Urinary catecholamine metabolites

Increased 10 59

Not increased 2 12

Not tested 5 29
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TAYT ARRAEFAA At 2HRAE o]

Hdck WidE ARAdee] 13 Fd A= 7t dEg 2 RAE Azl oA 14}
gk g2k F dqg] 3.0mM(1.8~ 48HH) MNP A= 24, 32k WP A
Row, A& AI7HE 186590~ 300%)0] it W sAtole] 7 Wi E AR A A A Hx
9 AR s Al Ao gxg e g+ Pl o] Wi == 23k, 33k Wil A2
T H+t 15,187/ L (2,160~ 66,890/ £ L), CD34" Fol|A EAF R oA Z% o (P=0.003),
xﬂié% H3t 73/ L (1~533/ pLyo] gl o, ul i A2 B B e = R lﬁ«l CD34" MZE, A
T AEAFE ARSI CD34" Al ESF AHE-0] CD34" MIE 9 3k A5 CD34" Al
1770/uL (2~10,320/ L), 3t AF & CD34" Eg9] Aol WA A bk
X :‘L‘/\L 6 ~ 6 ° s}
NZFE  69x10%g (0.0 45.7X10/k%) liA 3 WEEU XHDNE O[ASS Suks
(Table 3). %5 AQES) AF & Co34” AES i
o
AR A xge cp34’ AESe} BAH oz tee SsnE
F2I3 AAAT ALHP<00001) (Fig. 1). % T gk o ALY UG BEYY =Y
2P} 2URAE AYE A A P HE BAT N5 F 49 nART APRAE
oo 3, TN 2P RAE F53l A ol A 243] AYE|Seh 1749 ATl 39
43 kAl S5k A= CcD34” AESLS T TE § AHFToR 3 A, g slete
A= A=A gEekch(Data not shown). & Ho g Qe e Yo r dExFH 2 RA
ZPN 2HRAE A F, ABEALF AlE E oAz Ak Xtk ol A& Al
9] @cdo 5 doti 7] flaA A AR tyrosine 3 ZF 149 5 200541 ©]F AP AT EAE
hydroxylase mRNA RT-PCR HF-g&-<& 25 54l 0] FTo 2 Zchke gidol| A= g3 gt 3lehe
ik, M BUG BEPY 2YRAE o] 45 23]
Table 3. Results of 34 PBSCH of 17 patients with high risk neuroblastoma
. 2nd & 3rd
Total Ist leukapheresis leukapheresis P value
Total number of leukapheresis procedure 52 34 18
Mean number of leukapheresis
procedure/harvest 1.5 (1~3)
Mean volume of processed blood (XTBV) 3 (1.8~4.8)
Total processing time/procedure 186 (90~ 300)
Pre-leukapheresis peripheral blood
WBC count (/ «L) 1,5187 (2,160~66,890) 1,2763 (2,160~ 66,890) 1,9766 (6,910~ 63,610) 0.003
CD34" cell count (/L) 73 (1~533) 75 (1~533) 69 (6~399) 0.957
Leukapheresis product
CD34" cell count (/ 1L) 1,770 (2~10,320) 1,783 (2~7,640) 1,745 (172~10,320)  0.774
CD34" cell count/kg (x10°) 6.9 (0.0~45.7) 6.8 (0.0~27.1) 7.2 (0.7~45.7) 0.893

The data in the parenthesis show the range.
Abbreviations: PBSCH, peripheral blood stem cell harvest; TBV, total blood volume.
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Fig. 1. Correlation between PBSC product CD34" cell count and pre-leukapheresis WBC count (A), pre-

leukapheresis CD34" cell count (B).

QA4 02 AAsEon, ol F Q4lel Htol
A6l 27149 aleE e Aaskct.
agF 3t 12714 etoposide (200 mg/

m’, D-3~D-1), carboplatin (300 mg/mz, D-3~D-2),
cyclophosphamide (2 g/m’, D-3~D-2) 222 A|
Px|lom, ohE 12710l cyclophosphamide
4] melphalang FoIst3ich. o] As A] Foi=l
32 AF 3 CD34" AEFE 4.01x10%kg (1.70
~9.45x10%kg)o]Qit}. o] A 7U7re] 4= glo] A
) FA477F 500/ L o]}l W A= &
2 12080~19%), €48 7E 3 °l g
o] 20,000/ L o|Ael diz Y
21.59(12~35%)°]| ¢ th(Table 4).

243)9] o]A% Fol|4 CD34" AL AEES
H74sk 1279 HiF CD34" AL AEE2 68.6%
(30.5~99.3%)0] At} =3t o] S CD34’
A Egot D43 A £ 27] 7l At FAH
O 2 o3t AWAA(P=0.02)E Hloew, o
9] & CD34" AEet wiFT o Higke] A
2877 AE CD34" AES W7o A
28717k Aololl& 2|3t A AlE HolA] ¢k

0

52

7]
&3
7He

1-%
_\L

Table 4. Results of 24 PBSCTs of 14 patients with
high risk neuroblastoma

No. of PBSCTs

1 8
2
3 4
Myeloablative regimen
Etoposide, carboplatin, melphalan 12
Etoposide, carboplatin,
12
cyclophosphamide
Infused CD34" cell 4.01
count/kg (x10% (1.70~9.45)
CD34" cell viability in 68.6
thawed product (%)* (30.5~99.3)
Day of engraftment (day)
Neutrophil 12.0 9~19)
Platelet 21.5 (12~35)

*CD34" cell viability was assessed in 14 PBSCTs.
Abbreviation: PBSCT, peripheral blood stem cell trans-
plantation.
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Fig. 2. Correlation between infused total CD34" cell count and days of neutrophil engraftment (A), days of
platelet engraftment (B). Correlation between infused viable CD34" cell count and days of neutrophil
engraftment (C), days of platelet engraftment (D).
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Fig. 3. Results of Kaplan-Meier analysis for the EFS. (A) Six out of 17 patients remained event-free with
a median follow-up of 20 months (range 5~74) from diagnosis. (B) When the analysis was confined to only
those who received PBSCT (n=15), median survival time was 28 months.

Abbreviation: EFS, event-free survival.
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Corrias 5 stage IV A4 ZA|EF 3hrte] Hx
ol 2ERAE JHAE 274 FollA tyrosine
hydroxylase mRNA+ 11¢9], GD2 synthase mRNA
= 24ofloll A HEol H A, AEET FA
g oS girka sl b, Handgre-
tinger 5 WEZ N ZFEAE AR HEA
CD34" AZ9] purgings A3t 2401 FollA 2
sl ABEAEF AlES Ed0] U= B+ A
Ego| t] Egvka Haustgleh 2 dtellA
= Hxdd =IRAE QLA tyrosine
hydroxylase mRNA RT-PCR< A3t 33| 4]
B 54 AdE Hof, AEET] AT 9

ul g BAskA xaksich

B Ao AE F 240l et e S B
uhel xd ol 2 RAE o)A Ao
], o]X& A] F9= CD34" AEFE FHTF 4.01
x10%kgo] Rt} o] COG oA NPT AHE
A ZEZ 3hzte] dxd ol 2P RAE o] A& Ao
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X

g £7AE Bk o] 5ol wh2H, o] A& A 5
10%kg ©1 3¢l CD34" AEE F)sto] 7|0

TARE AFTAEFAA A ZBLAL o]

AT EE glon, 23]y HE7t = CD34”
AEGL S7tE AT AEAd=Y 3rs 5
7R Z1ekaL skeich sllE 9] CD34" A|lE A&
& AAE 140|014 AJsEE o, i 68.6% 2
AEES Bt} o] Lee 570 4609 Hxd
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350714, 59 FA AEEC] 146% 2 2 AIF
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2 3 AFol|A o] 59| 5 AEES NI%E B
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B: THBTE AAEAEF Bl A 715
o 95 FAAE A LEGY A7t 2B EA
E oS BU 1§ S ae] EFeY
AEHo WolGolAw qlek. AES B
Aol BABE ARRAEFO R Arhre
B4 oz BEo) A7t 2ARAE A7
£3 ol qol B ofel AAES BAstw T
W A7t 2ERAE AP BUG LG 3
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HH: 2001 59 FE 20069 1297FA] Al B2t
Hloll A @ AFEANEF oz Aghd
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S-H X E"‘E'—l

T stage IV 169,
MYCN S3%0] 1 "C‘ stage III7]' 1| om, 3
= 30, AT F33%k
< 150 keSith = E’-H]J— T-&3tof] whE 343]
o] Fxgq 2IRAE AR gollA Ht 1.53]
(1~380)2) Y AR o) A3lo], 5 2
3l9] wal T EAl gl Asgen, welT
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