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MR Imaging in Patients with Bone Marrow
Metastases of Neuroblastoma

Kimio Kanegawa', Shoji Nishiyama'’,
Tsukasa Koshino'*, Osamu Mabuchi?
and Toshihiro Muraji*

Sixty patients with neuroblastoma or ganglioneuroblastoma
underwent MRI 87 procedures to detect and follow up bone
marrow metastases. The detection of bone marrow metastases
by MRI was evaluated with aspiration cytology. Relation-
ships were investigated between bone metastases and bone
marrow metastases that were morphologically classified as
nodular and diffuse by MRI findings. The usefulness of MRI
was also studied in evaluating the effect of chemotherapy.
MRI showed bone marrow metastases in all of 17 patients,
but aspiration cytology proved metastases in only 7 of 17.
Bone metastases were proven by bone scintigraphy or bone
X-ray in 5 of 15 patients, and only diffuse bone marrow
metastases were accompanied with bone metastases. After
or during chemotherapy, 10 patients were examined by MRI
more than two times. Bone marrow matastases disappeared
in 9, decreased in size in 3, did not change in one and re-
curred at another site in one. It was observed from MRI find-
ings that in the early stage, bone marrow metastases are
nodular, but along with progress of the disease, they become
diffuse and invade the bone cortex. If chemotherapy was
effective, bone marrow metastases were decreased in size
or disappeared completely.
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MRICHEREER & 3 & iz 17600 7 BB s dil i
ZCEMEFEHFE S 7-. (Table 1).
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Table 1 Comparison of detectability of bone marrow metastases
between MRI and aspiration cytology

MRI (+) MRI (=)

aspiration cytology (+) 7 0

aspiration cytology (-) 10 43

b4 % 369

FIEBIZUE AR S BI(8 F)ICOHRFED L, FEH
PERZEIZI3E00 & N hr o 72 (Table 2).

3)BREEOLFEEEAICLSEL

{bafEE b £ 7213 B ICMRITHRBIIEA T & 7-5ERNIX10
6278, KhE16E, KE118)T, BEWME2 7 Bx
H24E4 A, FHIELHATHL. LEREICL 28
ALIZTHHEAE S LB 9 1 (1748, KBEE10E, BE78)
(b2 (44, KREE4F) ITL, T2HRE TERES,
BESVRETHPRROBER L), WEOH/IRD
7Bl 36188, KbE 48, BE4E), REISAE
OB BT, KB 1), MO ESE L6 16
(14, KIEE145)TH 5 (Table 3).

iE 1

fEBI1 5%, wR. ARIBEROWPEIFME, stage 4B.

WBREOMRITIE, WRBRE 550 AL B 6 2T 158
B TEES, T2RFGETHESTDRES BV T AMIC
RO oM, FRIZIZFEAMOFEFHE T 8T AGHIAELD 5
N5 (Fig.1(A)). 1LFHHER TR (2 4 4 7 A1%) ODMRIT
X, HeriiEE IR N, BERIRGE 2L, &%
MRIT b s BRI SN h o 72 (Fig.1(B)).

£l 2 5/, BR. RERFEROWREIE, stage 4A.

HZEEOMRITIE, MIEE OF I BT 15HH% T
B5, TG CRESD#EELZD, EBLEZ LN
(Fig.2(A)). ANE O g Em ORI O5 Bige AR <hE
PR ATIER 2 7z (Fig.2 (B)). 13k s 7 - Wik T#

Table 2 Relationship between marphological difference of bone
marrow metastases and bone metastases

bone metastasis (+) | bone metastasis (=)

nodular metastasis 0/13 (0/28) 13/13 (26/26)

diffuse metastasis 5/8 (8/21) 3/18 (13/21)

Table 3 Changes of bone marrow metastases after or during chemotherapy

1) disappearance of bone marrow metastases

2) disappearance of bone marrow metastases
but bone marrow shows granular pattern

3) decreased bone marrow metastases
4) no change of bone rarrow metastases

5) recurrence at another site

7 cases (13 bones)

2 cases (4 bones)
3 cases (8 bones)
1case (1bone)

1case (1bone)
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T1WI T2WI

T1WI enhance

T1WI T2WI

Fig.2(B) Tumor cells are proven by aspiration cytology at the
proximal metaphyseal bone marrow of the rt. tibia.

Fig.1(A) MRI demonstrates diffuse and
nodular low intensity area on T1-weighted
image and high intensity area on T2-
weighted image in the bilateral femoral bone
marrow.

Fig.1(B) Follow-up MRI after chemotherapy
| demonsirates granular area on T1, T2-weighted
| image and no enhancement of this area on en-

hanced T1-weighted image.
T2WI

Fig.2(A) MRI demonstrates
nodular low intensity area on
T1-weighted image and high
intensity area on T2-weighted
image in the bilateral tibial
bone marrow.

T1WI enhance T2WI
Fig.2(C) Follow up MRI during chemotherapy showes residual of bone
marrow retastasis, but on enhanced T1-weighted image some area are
enhanced and the others are not enhanced.
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T1WI
Fig.3(A) MRI during chemotherapy demonstrates diffuse low intensity
area on T1-weighted image, low and high intensity area on T2-weighed
image in the rt. femoral bone marrow and nodular low intensity area  Fig.3(B) Bone scintigraphy shows
on T1-weighted image, high intensity area on T2-weighed image in  abnormal accumulation at the rt. femo-

the It. femoral bone marrow.

DOMRI TR DHE/ N E O 505, EEMRITId 5 &
BEar & S G WEVG AR LIRS O PR AE O ) 58 A5
Ebahid - 7z (Fig.2(C)).

ER 3 3hE, BE. ERBEAFBAOMEIFE, stage 4A.
{L5HRE 9 7 — VI THOMRITH L. KBS O
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5, TG THESORE DL, Wi bR L
EZz2 5615 (Fig3(A)). REHRAOE S »F77 7 1 Tl3HK

b eIl RE R @O, BB EEZ LN S (Fig3
(B)).
Z %=

Mmu & FECERIETE B0, SHEOFRE
BOBRICEHTH Y, MESFEOFHIEBICBVTHZ
wﬁﬁﬁﬁﬂ%éﬂfgfw%“m.:ﬂ%@ﬁ%u;ﬂﬁ
BREIT RS TIRES, T25sfE TEE S ISR
Na, MATIRIEZEALOEHITIERETEHES 2 ‘i‘
B0 RREESHEEE L THBRNES TR s b
7, NEOEHMOMRITIE, #DESHREIREGHE &
BEOES THE SND O RERIZ L > TFOE
3RE 5 TL 29, WEIFIEIEE, KHTIE 6 H AR~
ARG == ST TEHRRBENLHDNE N LR, FLRT
HTIEFEZ T IR LiIcdwild s b, T2ulikE s &
b THHTAZEDVLETHS.

MRFEBIEHMERLREI LS TVIEEO—2TH S
B, EOWHMSETIIBESE L FHER ISR, WE
DFZIZEFBL NS, (Ek, B8
DTBW SN TELD, BAMHL &L IFRL ) WEFEIL

T84 5 A25H

O 2 371

.

{h

ral bone.

BT TH 578, BUICIZERIZEHAN T BIEMIC
BIHEEZLNSD, Ol EHiEiflEE CIHREE
THREMBWEEDbNRA, 202 kit SRIOKETY
MRITEEHFED & NIFEFI O 9 BREET L Rbzes
MBEZTRBHTE LD o722 L bHLNTHY, F
RHEROBEL L —H L TnwEYD,

—)F, BHMXEEERE Y T 7T T 1 kO
O, BHMEBOREBIIL ) FEBOFEIENHLZ LY
blroiz, Thbb, HEMHERETIIEREMIER , O
FAMREDO—IIIBIEEIRRO LN TWAZ b FET
BEICEERERISR Y, INAEN o TOE ANER
Ehl, SHIGEfFLTEERBEZTIZRITIDEEZDS
N5, LizdioT, MEFRHOBETIEE (, Fiinkgid
BEBOWRIRIEL Z2 5Nb, BEBO AN X LD—
DIFEBROER D 5 DOB~DHERE HIT TV H G
HFEROBROLE L X (—FHLTw5. ¥, BEBIS
WRBEE SR REICEERES LI L b —H T 5.

FAEIERE O/ FEE O G B b R BB ER O RHE TV
TOMRICHEIZH T D FEDH LY D, bivbh o
BAEER L2 N5 7THITIE, EEMEEIMLEE
I L WREINEE L CETORREIL o205, A
PEERS & 72 XM E DR T B 2 Bl TI3AR 4 (T I,
HEL, ERROSEZRE LA, 202 FlIIEREMRID
TL2, oM BRE IO L7z, F72,
HEAGFBITIE S A A S 24E 4 7 A LEWITFEERNIL
2, BAROGE R L2BlOB AR TIRIER B RPN
BREOMMEILE ANFEVFO - ANED LN, (LR
DEALLEZLNDEI L L DVEB LD ELEZ TS,
LA L, BEEEOLAEEOBIITUEIZRT 525, T2
1ﬁ@wﬁL&m&umtﬁﬂw’k%ﬁ&¢®MRWE%%%®



372 R IE IS BlE R OMRI

T, Bl e o BRI TRAET 5 v
#fi" By H A, bilbhofbF#Em O T b MR &
T25HAE O AT Y, FBHTIZTEE L 2-F4 00

maﬂu‘iiﬁ%fw;wﬁff LSRR T R OMRITTIHENE
TIRES, T2HHFAGETRES 2T AMEAIRIEL, 4%

TRSFMME L FEH SN efihd D Z L b, {LFEERT
% DOMRI T EERT A% B 6 C UL IEFE 2 JE IR S 58 12 1 A b
MWRFEEEZSNA, T2, MRIZ X 2 FREZ GRS
FENZDWTIEHEMMRIOF L €T, SHIZEME®
FOEBED ) 2T A LENH L EHbhb.

¥ & B

1) #iREERIE B & ORI SEIE60F) 125187 Bl OMRI % HifT
L, BB 2GR RE L7,
EHERHEZIE, MRITEENHO SN 176h 7

B LR AR
HLTW,

3)MRITU E AEIZIL DS B IER O BB 5 h
el E XY, BEBIIEHMOMIHEERSILL - TOEA
TEL)EREERE L TGRS EOBORYM: 2 R4

LH@EEbis,

4) BTR, WEDTHIRPRCR O HED & -1k
HEPTEEEZ O, BFRRHECOFERATH -7/ L
ML, HEICHET LS H D, IEMRHEICIZERER
PYEEEZ BN,

5N, MRIZEVE

HAERS i e

.;.B AERILOERIIH 7 BUNEASS, 510, 53[0 A
FHHRFEERAEIIBVWTHEE L.
'ﬁ%f A BIZEIY, £ RERIE VW2 umor board DA%
Ab—, N h, WEESE, dARSEE, LM, aER B,
EAMGL, MARRFOELET L ET.

X [

1) Kangarloo H, Dietrich BR, Taira RT, et al : MR Imaging of bone
marrow in children. J Comput Assist Tomgr 10 : 205-209, 1986

2) Moore SG, Gooding CA, Brasch RC, et al : Bone marrow in
children with acute lymphoblastic leukemia ; MR relaxation times.
Radiology 160 : 237-240, 1986

3) Cohen MD, Klatte EC, Bachner R, et al : Magnetic resonance
imaging of bone marrow disease in children. Radiology 151 :
715-718, 1984

4) Ruzal-Shapiro C, Berden WE, Choen MD, et al : MR imaging
of diffuse bone marrow replacement in pediatric patients with
cancer. Radiology 181 : 587-589, 1991

5) Counet D, Geoffray A, Hartman O, et al : Eone marrow metastases
in children's neuroblastoma studied by magnetic resonance im-
aging. Advances in Neuroblastoma Research 2, Alan R Liss,
p.547-555, New York, 1988

6) Corbett R, OIIiff J, Fairley N, et al : A prospective comparison
between magnetic resonance imaging, meta-iodobenzylguanidine
scintigraphy and marrow histology/cytology in neuroblastoma.
Eur J Cancer 27 : 1560-1564, 1991

7) BLUBGE, @A, KEiEes, b AR - 5 B
B IR &G L oRIE. NESEE 22 09412, 1990

8) MBS, EARICHE, RIBWS, M o A Bk
2B HMRIDOAT M ; HEEFT R & @xt e s, '*J\;L'.#-
29 1 53-57, 1992

9) WEFFLG, DNk o, DG, Ml WEEEOS B LU
“LﬁH’fiF"fgt‘ia‘U AMRIDHG § S5 & GHE %, B
MREEE 28 112111217, 1992

10) i gs, wfGdett, HOEGE, b ANBEIRIES B
BITHMRI. /PESER 21 1 613-619, 1989

11) Tanabe M, Takahashi H, Ohnuma N, et al : Evaluation of bone
marrow metastasis of neuroblastoma and changes after chemo-
therapy by MRI. Medical and Pediatr. Oncl 21 : 54-59, 1993

12) VoglerlIl JB, Murphy WA : Bone marrow imaging. Radiology
168 : 679-693, 1988

13) Dooms GC, Fisher MR, Hricak H, et al : Bone marrow imaging ;
magnetic resonance studies related to age and sex. Radiology
155 : 429-432, 1985

14) Moore SG, Dawson KL : Red and yellow marrow in the femur ;
age-related changes in appearance at MR imaging. Radiology
1751 219-223, 1990

15) Rieci C, Cova M, Kang Y'S, et al : Normal age-related pattern of cel-
lular and fatty bone marrow distribution in the axial skelteon ; MR
imaging study. Radiology 177 : 83-88, 1990

16) Jaramillo D, Laor T, Hoffer FA, et al : Epiphyseal marrow in
infancy ; MR imaging. Radiology 180 : 809-§12, 1991

17) Thrall JH, Ellis BI : Skeletal metastases. Radiol Clin North Am

5:1155-1170, 1987

18) i5HF i, WAGYCHE, OB, B <y ARSI s
BTN OMMEIIRET. AEATA 29 1 58-62, 1992

19) FLOBCHE, wAGoett, JBmgs, b s il o
ARG, R 23 1 933-937 5 1988

20) Fletcher SD, Kopiwoda SY, Strandjord SE, et al : Abdominal
neuroblastoma ; magnetic resonance imaging and tissue char-
acterization. Radiology 155 : 699-703, 1985

H *lé\b& =ik ﬁ! 56% §i6E



