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Table 1. International Neuroblastoma Staging System

Stage Description

I Localized tumor with complete gross excision, with or without
microscopic residual disease; representative ipsilateral lymph
nodes negative for tumor microscopically (nodes attached to and
removed with the primary tumor may be positive).

ITIA Localized tumor with incomplete gross excision; representative
ipsilateral nonadherent lymph nodes negative for tumor
microscopically.

1IB Localized tumor with or without complete gross excision, with
ipsilateral nonadherent lymph nodes positive for tumor. Enlarged
contralateral lymph nodes must be negative microscopically.

111 Unresectable unilateral tumor infiltrating across the midline
(defined as the vertebral column), with or without regional lymph
node involvement; or localized unilateral tumor with contralateral
lymph node involvement; or midline tumor with bilateral
extension by infiltration (unresectable) or by lymph node
involvement.

v Any primary tumor with dissemination to distant lymph nodes,
bone, bone marrow, liver, skin, or other organs (except as defined



for stage IVs).

IVs Localized primary tumor (as defined for stage I, IIA or IIB), with
dissemination limited to skin, liver, or bone marrow (<10% of
nucleated cells identified as malignant), limited to infants younger
than 1 y of age.

C. & A9
F4 #F2 F AL ALy dBE o] dEYAY, BAAE A A
At A A E ®WA7E 2ed 3dS ALd=2 gAAT. T5417%
Al dol H oA HAH e A5 (leptomeninges)el dojH A
T2 1440} 2“‘1 eketel FIh= Ho] ZIe w9 ¥ W (other
H SFABA deol 3 A= ®mA sk

=
2 TUed Zol Aottt Complete
remission(CR, ¢ #3))2> A3 s T4 AF7F AHgA

= 4 7tsd T #El®E A$, very good partial
response(VGPR)2 4734 AAMY W AASH AAF A 90% o] 49
a7k o] F o 7§ partial response(PR, F-®33])= 50% o]
90% mwke] el rp o] Folxl 4= T

= SR m@

D. A&
AbEE g 8w CCG321P4 A% (6 in one regimen)ol 3d}oq,
vincristine , cisplatin , dacarbazine , cychophosphamide , epirubicin
, etoposide & AFg3tHa, dF9 Ao A  Memorial Sloan
Kettering  Cancer center(MSKCC)%] N7 protocolo]  £3}9]
cyclophosphamide, doxorubicin, vincristine, cisplatin, etoposides A}
43t th N7 protocols A& B}l A= oA A &35t7] 3
€ YI3r8 W9 Amt A9eg. o4 AAAL carboplatin,
etoposide, melpahlan (CEM) ¥+ melphalan, etoposide (ME)E& A}-&
shaith. 48 o] EAfe A = 12Gy e HAIMAA AR Al E AT AL
NEERAL oA F FAT AFIL FATSF 05XI107L o4
17} 390l FAEe A=, o)A & Ay AFdS £l

7‘(
g9 F 20X107L o4 fAHE AG2 FAA . Granulocyte
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Table 2. INSS stage 4 neuroblastoma patients with autologous peripheral blood stem sell transplatation

Status at Dx to Relapse

No. Sex Age Primary site Involved site Relapsed site NSE HVA VMA LDH Ferritin LP Shimada Purging HSCT  relapse to death
1 F 3.6 L. paraspinal BM, bone NA 128 NA 2.33 464 1923 N NA Yes CR - Loss
2 M 53 R. Adrenal BM, bone Brain 480 348 915 831 9824 N UH Yes CR 2.2 0.5

3 M 53 R. paraspinal BM Mandible 13.08 5.2 3.81 NA NA N NA Yes CR 1.7 1.8

4 M 43 L. Adrenal Bone - 7883 46 3.6 503 NA N UH Yes CR - Survive
5 M 41 P. mediastinum BM, bone Paralumbarspinal 19.56 8.2 12.2 NA 20769 N FH No CR 15 0.2

6 M 62 R Adrenal BM, bonzulri:er’ skull, Liver NA 75 206 NA 1415 N UH No CR 28 05

7 M 161 L. Adrenal BM, bone BM 97.1 NA 113 NA 8944 N UH Yes CR 34 0.2

8 F 23 R. Adrenal BM, bone Skull 2874 19 4.01 NA NA N FH Yes VGPR 3.0 0.2

9 M 22 Adrenal BM, bone, spine, skull Brain NA NA NA 230 1175 N FH Yes VGPR 2.1 14
10 F 34 Adrenal BM, bone TRM 500 1343 499 11130 7738 N UH No VGPR - TRM
11 M 06 Adrenal LN TRM 63.89 11.06 1261 928 28.7 N FH Yes CR - TRM
12 F 38 P. mediastinum Bone - 137.84 NA 1.99 872 1119 Y FH No CR - Survive

Brain(frontal), orbit,

13 F 52 R. Adrenal BM, bone 290.74 109.87 8875 1224 4257 Y  UH No VGPR 21 1.2
skull, bone
14 M 18 R. Adrenal BM, orbit, skull, liver, 910 506 206 2004 376 Y  FH No CR - Survive
chest wall, abdominal wall
15 M 238 L. Adrenal Bone, L. diaphragm Bone, Abdomen 211.1 19586 9.29 5620 80.9 Y UH No VGPR 15 0.1
6 M 65 L. Adrenal BM, bone, orbit Bram%’gj;emr)’ NA NA NA 18530 8941 Y UH No VGPR 0.7 0.4
17 F 66 L. Adrenal Diaphragm TRM NA NA NA 405 NA Y NA No CR - TRM
18 F 26 R. Adrenal BM, bone, spine, orbit, . Give disease 1086 4554 8053 1297 NA Y  NA No VGPR - Progress
skull, brain(frontal)

19 M 36 L. Adrenal BM, bone, spine BM, LN, bone 113.28 681 1427 638 74.1 N FH No CR 1.7  Survive
2 M 18 L. Adrenal Bone, spine, skull Skull, LN 15272 32.03 3211 1177 3197 N  FH No CR 25 Survive

NSE : neuron specific enolase, HVA: homovanillic acid, VMA: vanillylmandelic acid, LDH: lactic dehydrogenase, LP: lumbar puncture, HSCT: hematopoietic stem cell
transplantation, Dx : diagnosis, F: female, M: male, P: posterior, L.: left, R.: right, BM: bone marrow, LN: lymph node, NA: not available, FH: favorable histology, UH:
unfavorable histology, CR : complete remission, VGPR: very good partial response, TRM: transplantation related mortality
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of Hlgte], 200ng/mL ©]%el welA FFAAA ALEC] ¥ &
Aoz FAHAT(p=0.018). o4 A AAAzA ] AAWA FA
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__'i_
(p=0.96, p=0.81). TFAGA ALE Wolst= AARA, o4 A
4 del ofF= FAA T4 HER AT (p=0.026).
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Table 3. Prognostic characteristics for CNS Recurrence rate

Characteristics at diagnosis

CNS recurrence rate

(No. of patients) 12Mo 24Mo 36Mo P value”
Gender

Male(7) 0.08 0.17 0.29 0.76

Female(13) 0.00 0.00 0.25 -
Age

<1.5(3) 0.00 0.00 0.00 0.33

1.575.009) 0.00 0.00 0.20 -

>5.0(8) 0.14 0.29 0.46 -
Primary site

Abdominal(16) 0.00 0.00 0.00 0.30

Nonabdominal(4) 0.08 0.15 0.33 -
Other cranial disease

No(14) 0.00 0.09 0.22 0.41

Yes(6) 0.20 0.20 0.40 -
Orbital involvement

No(17) 0.00 0.07 0.26 0.29

Yes(3) 0.50 0.50 0.50 -
Bone marrow involvement

No(6) 0.00 0.00 0.00 0.22

Yes(14) 0.08 0.17 0.38 -
Lumbar puncture®

No(13) 0.00 0.08 0.20 0.35

Yes(7) 0.20 0.20 0.47 -
LDH(IU/L)

<750(5) 0.00 0.00 0.25 0.48

>750(10) 0.14 0.29 0.46 -
HVA/VMA

<2(9) 0.00 0.00 0.20 0.60

>2(5) 0.00 0.25 0.25 -
NSE(ng/mL)

<200(11) 0.00 0.00 0.00 0.018"

>200(5) 0.00 0.25 0.63 -
Ferritin(ng/mL)

<143(4) 0.00 0.00 0.00 0.26

>143(11) 0.10 0.20 0.43 -
Pathology(Shimada classification)

FH(5) 0.00 0.00 0.00 0.24

UH(10) 0.11 0.22 0.33 -
Purging

No(12) 0.11 0.11 0.26 0.81

Yes(8) 0.00 0.13 0.31 -
Total body irradiation

No(16) 0.08 0.15 0.26 0.96



Yes(4) 0.00 0.00 0.33 -

Complete remission®
No(7) 0.20 0.20 0.73 0.026"
Yes(13) 0.00 0.08 0.08 -

CNS: central nervous system, LDH: lactic dehydrogenase, HVA/VMA: homovanillic

acid/vanillylmandelic acid, NSE: neuron specific enolase, FH: favorable histology, UH:
unfavorable histology

* statistically significant(<0.05)

“ at PBSCT

b Log rank test

)
ox
r
(i
2

o= WAHA U (p=0.30, p=0.64).

PRe Wuel o, Fide] o BE
[e]

K

rﬁ oX,
N

&= A THp=0.49, p=0.56, p=0.50). =417 A
A o Fo dste], FFAAA Aol gle FA= 3d AEE
66%, 5 A E=E 33% A v, FFAAA Aol U= A
7bo3d AEE 25%, 59 AEE 0.0%EA WEE Ao]F mol:

FA7E FQ =5 oy, 5% FoaE stelAe FAA onzr ol
(p=0.070). Z+& g4 A} 4 LDH, VMA/HVA 3] (ratio), @3 NSE,
g ferritin A % AEEY AolE UEIHA 2 STH(p=0.33,

p=0.88, p=0.39, p=0.64). Shimada =2 A7%= FoAdo] &%
(p=039). o2 A A2 B Ak Fopel, 21 A7} A 3
= 3d AEE 69%, b AEE 0% =, &4 #BEHA F> A
9] 3 AEE 14%, bd AEE 0% vt FAHS=Z Fost A
o) WATHP=0019). o] AN AAAZA e AMARAY 24 D 55
AbEol i CD34 44 AlE purging AEE0] WA= FFe] 8l
AT p=0.59, p=0.81).
Table 4. Prognostic characteristics for survival
Characteristics at diagnosis Survival rate
(No. of patients) years Syears P value”
Gender
Male(7) 0.62 0.21 0.30
Female(13) 0.29 0.14 -
Age
<1.5(3) 0.67 0.67 0.64



1.575.0(9) 0.44

>5.0(8) 0.50
Primary site

Abdominal(16) 0.46

Nonabdominal(4) 0.75
Other cranial disease

No(14) 0.43

Yes(6) 0.67
Bone marrow involvement

no(6) 0.50

yes(14) 0.50
CNS recurrence

No(16) 0.66

yves(4) 0.25
LDH(IU/L)

<750(5) 0.80

>750(10) 0.27
HVA/VMA

<2(9) 0.42

>2(5) 0.40
NSE(ng/mL)

<200(11) 0.64

>200(5) 0.20
Ferritin(ng/mL)

<143(4) 0.50

>143(11) 0.53
Pathology(Shimada classification)

FH(5) 0.60

UH(10) 0.50
Total body irradiation containing conditioning regimen

No(16) 0.50

Yes(4) 0.50
Purging

No(12) 0.40

Yes(8) 0.63
Complete remission®

No(7) 0.14

Yes(13) 0.69

0.22
0.00

0.23
0.25

0.18
0.22

0.50
0.09

0.33
0.00

0.27
0.27

0.14
0.40

0.27
0.20

0.50
0.11

0.60
0.20

0.21
0.25

0.27
0.13

0.00
0.30

0.49
0.56
0.50
(3.070
(3.33
0.88
0.39
(3.64
(3.55
0.59
0.81

0.019"

CNS: central nervous system, LDH: lactic dehydrogenase, HVA/VMA: homovanillic

acid/vanillylmandelic acid, NSE: neuron specific enolase, FH: favorable histology, UH:

unfavorable histology

“ statistically significant(<0.05)

“ at PBSCT
b Log rank test
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Table 5. Literature review of incidence of central nervous system metastases in children with high-risk stage 4 neuroblastoma’

o Median  Time to CNS No. with CNg  L0- With Median  Crude
Reference Organization Years Stage IV . a
follow up(m) recurrence(m) recurrence ) survival(m) %
disease
Kramer et al. MSKCC 1980-1998 26 5732 11 251 6.7 4.3
Shaw and Eden ENGS 1982-1989 NA 13729 10 NA 5 NA
Dubois et al. CCG 1991-1996 25 2715 13 567 NA 2.3
Blatt et al. Pittsburgh 1978-1993 NA 11730 7 43 45 16.3
Astigarraga et al, ToSPital de 1987-1990 NA 9716 3 12 1 25
Cruces
Centre Leon ~
Bouffet et al. 1987-1995 NA 9717 3 160 NA 1.8
Bernard
Rohrlich et al. Gustave-Roussy  1982-1987 NA 8729 7 122 NA 5.7
Kellie et al. St.Jude’s 1978-1989 NA 2734 6 160 14.1 3.8
Matthay et al. o ne and 19852000 100 4730 23 434 NA 5.3

Gustave-Roussy

CNS: central nervous system, m: months, MSKCC: Memorial Sloan-Kettering Cancer Center, ENGS: European Neuroblastoma Study Group, CCG:
Children’s Cancer Group, NA: not avaliable

“ crude % : [the number of patients with CNS metastases at first recurrence/number of patients with stage IV disease at the time of
diagnosis]X100.

“Adopted and editted from the tables in Matthay's study and Kramer's St11d§76'11
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Abstract

Analysis of risk factors associated with central nervous
system relapse in stage IV neuroblastoma patients who

received autologous peripheral blood stem cell transplantation

Jung-woo Han

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Chuhl-Joo Lyu)

Background

Central nervous system(CNS) metastasis and relapses rarely occur
in patients with neuroblastoma. Although the overall survival rate
of neuroblastoma 1is increasing due to implementation of more
intensive chemoretherapeutic regimens, recent reports hint at
increasing rate of CNS metastasis and relapse. CNS metastasis
seems to occur through different mechanisms than metastasis to
other organs. We analyzed the possible risk factors associated with
CNS metastasis and relapse, as well as possible factors
contributing to increased overall survival rate through review of
the medical records of patients with INSS stage IV neuroblastoma
treated with high-dose chemotherapy and autologous peripheral

blood stem cell transplantation(autologous PBSCT).

Method

A retrospective review of 20 patients who were diagnosed as
neuroblastoma and received autologous PBSCT at Severance
Hospital between 1st January 1990 to 1st January 2005 was

performed. We defined CNS relapse as cases of relapsed



neuroblastic tumor involving the brain parenchyme and the
leptomeningeal membrane. The CNS recurrence rate and overall
survival rate were estimated through the use of Kaplan-Meier
method and were compared according to their clinical and biologic

characteristics, employing the Log-rank test.

Result

There were 20 stage IV neuroblastoma patients. The mean age at
diagnosis was 3.6 years, and the mean follow up period was 3.0
yvears. The conditioning regimen for autologous PBSCT utilized
carboplatin, etoposide, and melphalan(CEM regimen). Total body
irradiation(TBI) was performed in 3 cases. Ranges of neutrophil
count at engraftment day were 10719(median 12) and ranges of
platelet count at engraftment day were 12731(median 24). There
was a single case of tandem PBSCT. There were 3
transplantation-related mortalities and 12 cases of relapse. 4
patients are currently surviving without any relapses. Among the 6
patients with CNS metastasis, 2 cases showed CNS involvement
upon diagnosis, and the rest experienced CNS relapses after
treatment. Estimated rate of CNS recurrence was 28.4% after 3
yvears. Statistically significant factors for CNS recurrence included
achievement of complete remission at transplantation(p=0.026) and
the serum NSE level upon diagnosis(p=0.018). Statistically
significant factors for overall survival was achievement of complete
remission at transplantation(p=0.019). Presence of CNS recurrence
constituted statistically significant relationship with the overall
survival rate(p=0.070), and the presence of bone marrow metastasis
upon diagnosis was statistically related with increased CNS
recurrence. Performance of lumbar puncture was not a significant
factor for CNS recurrence. All the CNS recurred patients expired.

The median duration from the time of relapse to death was 0.9



years(0.471.4).

Conclusion

The CNS recurrence rate of neuroblastoma patients who received
autologous PBSCT was 28.49% at 3 years after diagnosis. CNS
recurrence appeared to be the utmost sign of future morbidity,
with only 0.9 years of time passing between the event and death.
Factors affecting the rate of CNS recurrence were the achievement
of complete remission at transplantation and the serum NSE level
at diagnosis. Factor responsible for increased overall survival rate
in patients with advanced neuroblastoma was the achievement of
complete remission at the time of transplantation. Presence of CNS
recurrence directly correlated with decreased overall survival rate.
In order to prevent central nervous system recurrence and achieve
total cure, achievement of complete remission 1S paramount.
Further research into ways to achieve complete remission is highly

warranted.

Key Words @ neuroblastoma, central nervous system, recurrence,

autologous peripheral blood stem cell transplantation, risk factor
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