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Evaluation of Treatment Response Using
Diffusion-Weighted MRI in Metastatic Spines
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College of Medicine, Yeungnam University, Daegu, Korea

- Abstract -

Background: The purpose of this study was to evaluate the usefulness of
diffusion-weighted magnetic resonance imaging for monitoring the response to
radiation therapy in metastatic bone marrow of the spines.

Materials and Methods: Twenty-one patients with metastatic bone marrow of
the spines were examined with MRIL Diffusion-weighted and spin-echo MRI were
performed in 10 patients before and after radiation therapy with or without
systemic chemotherapy, and performed in 11 patients after radiation therapy alone.

Follow up spin-echo and diffusion-weighted MRI were obtained at 1 to 6 months
after radiation therapy according to patients’ condition. The diffusion-weighted
imaging sequence was based on reversed fast imaging with steady-state precession
(PSIF). Signal intensity changes of the metastatic bone marrows before and after
radiation therapy on conventional spin-echo sequence MRI and diffusion-weighted
MRI were evaluated. .

Bone marrow contrast ratios and signal-to-noise ratios before and after radiation
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therapy of diffusion- weighted MRI were analyzed.

Results: All metastatic bone marrow of the spinal bodies were hyperintense to
riormal bone marow of the spinal bodies on pretreatment diffusion-weighted MRI and
positive bone marrow contrast ratioé(p(0.00l), and hypointense to normal spinal
bodies on posttreatment diffusion-weighted MRI and negative bone marrow contrast
ratios(p¢0.001). The signal to noise ratios after treatment decreased comparing with
those of pretreatment. Decreased signal intensity of the metastatic bone marrows on
diffusion-weighted MRI began to be observed at average more than one month after
the initiation of the radiation therapy. ‘

Conclusion: These results suggest that diffusion-weighted MRI would be an
excellent method for monitoring the response to therapy of metastatic bone marrow
of the spinal bodies, however, must be investigated in a larger series of patients
with longer follow up period.
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(CTguided fine needle aspiration biopsy)
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(583/12) image

Flg 1. T1- welghted
before radiation therapy show
focal hypointense lesion (arrow)
in right posterior body of twelfth
thoracic spine.
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Fig. 2. T2-weighted
before radiation . therapy show
focal hypointense metastatic lesion
(arrow) in right posterior vertebral
‘body of twelfth thoracic spine. -

(3800/128) image
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Fig. 3. Diffusion-weighted MR image Fig. 4. Follow up T1-weighted MRI
(repetition time 21.6 msec. diffusion shows persistent hypointense
pulse length 2 msec) before radiation (double arrows) to normal bone
therapy reveals hyperintense marrow at 2 months after radiation

(arrow) to normal bone marrow therapy.
in right posterior vertebral body
of twelfth thoracic spine.

Fig. 6. Follow up diffusion-weighted

- . Liifa . MRI shows hypointense(arrow)to
Fig. 5. Follow up T2-weighted MRI reveals normal bone marrow at 2 months
hyperintense (double arrows) at 2 after radiation therapy.

months after radiation therapy.

Table 1. Bone marrow contrast ratios and S/N of metastatic spines at before and after
treatment diffusion-weighted imaging in 10 patients

Before therapy After therapy
Contrast ratios* 0.94+0.40 -0.48+0.13
S/N* 7.06+1.55 3.99+0.84

Data are given as the mean+tstandard deviation.
*p<0.001 *+S/N: signal to noise ratios

34



— /3 Ho|YelM HARZE AFIFY 4T 14T A8 DL A7

o

ot Ece] Z Aold] 9% ¥H FHL F
2% vgeg u% E3n(Galasko, 1981
Clifford Chao 5. 1999), WAMAZ %83t A
B8Y%9 15%94 20%E AAsn U9
(Bomford %, 1993).

Zo] P4 Ho|E dozl #xel F 70%
dMe FdE 299 57 &% Al 22
217383 Bol&H (Body, 1992), 7]
o Uele F4old 7o) H|Eo|FHoloA
g9 A7E e Ay A 43¢
U gakg 73

Zo| M FoFel Holzl o AnkHo s
dx7t u)$ Baksie] g Hojd mWE BT
QE7|7e] Hge 3.670Y, fiee 22.67
4, APA 4L 29.3/M92 BENY Zel7}t
Lold Sxte] Aelol wWE HHI K87t B8
3lth(Harrington, 1981).

33 Aoletild Age FE BHL 5359
Az, #HA 249 s 53 4 2 AN
AFlEe RAolmz A% - FYF 89 A F
uhe-S Bgs Hrishe AL Exef 4FE 4
Aste o W F835tH(Young 5, 1980).

AutAoz X8 WAL AR ve 9
HQl Exo] Fasith ZF I¢A| X8 ¥z

2 vk esle 2 ANEA HY, 4 ¥
T2 gueh fiAlelM WA EAdolv Asy
AAE gutle A7 e Atde A
2 94 B4, 4 #9E #AY + 9
oA E R gdte =50 Aojrt 2T
E 49 AT FFHY FAE A B

Z=ALO.
'o‘)‘o]'a

)

U A% elol AR} gATE AF

35

e QAA 2N} Hold PANYA 23
o Azsld A G%E AR Hed, ¢
2 298 vee A9 ¥e 284 A4
A7t Qe Agole A= P 2R B

oz gel et
B4 A3HQ £2% v X4 39, 3
A4 BSILE B FAL, A U3 29, 29

A =o

oz A7 94 5T Fwsld A8E AF
sxgHYuh £, 1989: An %, 1995), A&
% yhgo] g Hrke 84 §359 W 7
2% w4 2 ¥ vl AFA FAF F
A L YAEAY 3AFE FoE HiRE
2 APAoz FHBF A e AL A9
271838t

HARIXE A - el AR HkE A
A 2994 B FAE 95302 AR
o ¥ @Z&}A D (Rossleigh &, 1982), ©] W
& Z dile BAEsE Yehiez 2 ZA9
7zA9 E§A(integrity) F&3] HHd
e 9o

=3 M B9 2 FALE oldse A
2o Z A yhgo Jehd F e flare
oz o) Folg a3THStokkel F,
1993: Janicek 5, 1994). Vogel 5(1995)<
T Hole o iy FAIM A2 AT
71 o2 UQE flare 84< ¥ 33
2 2F Bdse A FdsiMe ¢,
3 A2 HolgdMe e T ANE =
g 4 gtk sdTh
A71R oz & Aojgold YERKE flare B
Ao 24 A7 AF £ gl e/1d7A
Bl 4 gloma Mg ¥ WS Hrkke d F
o7} ¥ astHLevenson 5. 1983 Pollne %,
1984: Coleman® Rubens, 1987: Fogelman

3L
=

=2
=

L o jo e



— R - AAY —

3} Maisey, 1988).

WA E g8 F AR AEdFH o FY
o] AAHNNNE 27 AA Y 71AAY FH
& quiaiRe %7] g g Jhie] 3
7t2 Basit, ZARQ §9%e A &
& X-A 8Y0) 7Fg £L& o)A N7 &
B % 609 o) ZAFsoF ¥lad FEF A=
455 A & YN 44 F7t ast
223 B E o]88 47+ firk(Coleman
¥} Rubens 1987).

320 =Y A13H B3R DA H9] o
2 Aol o o] g5l & FAE AR
(steady state free precession, SSFP),
turbo-sequences®t o= HW 94 (echo
planar imaging, EPD) 5ol Jed, A2 33
HIE FYsha A Q32D (susceptibility
artifacts)o] TA3i HEF Wko] Brbssitt.

E AF o] gd ¢t Az AVFY 949
L AN B9 o)F4 S #4E & 3o
A A Weldddl did 715 4D
o} 71s3itdtn &eld e, Moseley 5
(1990)¢ BE& AgdA Ho IFaxA Y
(ischemia)® E<Aste o oj&3igleon,
Sugahara 5(1999)& 4173 2% (glioma)°lA
Zohye] AFEA (cellularity) & A &3] H71s)
£ ° o] &332, Schaefer 5(1997)& At
(eclamsia) B K5l g A3 7L
g 3 ol Ak

HZo| i ZAdy FAY AFEE Baur
5(1998)°) FBLH ARAA A7) FE 247
9 olgdld AF IS4 AL I Zw
ob Zoke| AMolg} g ghel] o& gt
2L 47 FEE 5 Qe Lasdd,

ols} ATHEl Baur S(1998)9) Age zWshA

36

A% ZF¢2A QY AE gRe Furt A2y
o w2l G #A 3 ZhAdk 1 A Ax
7} 9rka 1928, Le Bihan S(1986, 1989
B 8123 2% (intravoxel incoherent
motion) 8822 £A9 55 s 23
o & 4L TR & AW Basigich

2 A7 A A E Ao 27 o3 A7)
T 34 NPT 2 gREY FFEzo|
T1-423304e A A3 Z=E Bion,
T-ZZFANME 12 A5 ZEE BHo]AY A
NE S By

AR 8 F A T2 A7139 9
AoME Aad vlastd A5 Fxe Aol
7F R, T2- %= A713% 934 e A A
3 AEY 32 A3 BEE B AR i
32 }lste de TP AG=HA

£ A7 W §4 2FoIH IAPAAE ¥
1708l 678 Aol P I A= AP
29 9394 A Nz BAEE Bd x5 An
vl msled AT Aol7t YALBR HF: Fo]
el g AAE Priehed F2 A4 £
2R, HF Aol FalolA 7| RAQ A
Yoz AMRH7| deMEe o B A4S o
o2 XNE A - F Ho] FHo) U HxAF
29l AL HPF AFA A7 e
3 Az At

o

o ot
i) =

£ d7e 2 Hojged i Az FEHL
2 o)gxE WX E & X8uheg 2Hs
o2 BrR3e H Fag AEE 9 B
ol A4 73S U] Sisted AlgH
HZo) gA Hol& dozl 2189 FAE



— A3 Aol BAZE A71FY FUE o4 AW W —

Aoz WAPIXE A - Fo FF A= AT
H 44E AEE 1089 AN BAAE
A - 3o B 239 A3 Fx9 Ayt A
dgenz 71 Ay de XA 39,
A BA9L E R AdE 93 89 3
27 o2 A7|1¥E JAAEE REE F o
' 7FedE ddAY. 23A T gy 8k
ZA7F A F2713t0] &7] Wil o] 97
ol R34 PP & A7t 4" E A
A 718EQ AP ez A7l dsME
d B @248 ez 7Hsd Wazxaas
ANE st A7) 2P YA HE
7t geditta AAEI.

=) &

Ho

2

e WR vy, oMiE, AeY, 22
3, oAz §: A3 B Mz AIF
et Hold huhEAd, o Ed 2
H3del zhHAG AL g3 A
43(3): 349-355, 2000.

An HS, Andreshak TG, Nguyen C, William
A, Daniels D: Can we distinguish
between benign versus malignant
fractures of the spine by magnetic
resonance imaging? Spine- 13: 424426, 19%.

Baur A, Stabler A, Bruning R, Bartl R,
Krodel A, Reiser M, Deimling M:
Diffusion- weighted MR imaging of
bone marrow: differentiation of benign
versus pathologic compression fractures.
Radiology 207: 349-356, 1998.

Body JJ:
clinical and therapeutic aspects. Bone

Metastatic bone disease:

37

13: 557-562, 1992.

Bomford CK, Kunkler IH, Sherriff SB:
Walter and Miller’'s Textbook of
radiotherapy: radiation physics, therapy
and oncology. 5th ed, Churchill
Livingstone, Singapore, 1993, p 511.

Clifford Chao KS, Perez CA, Brady LW:
Radiation Oncology: management
decisions. Lippincott-Raven. Philadelphia,
1999, p 686.

Coleman RE, Rubens RD: The clinical
course of bone metastases. Br J
Cancer 55 61-66, 1987.

Fogelman I, Maisey M: Investigation of
malignancy. In Martin D: An atlas of
clinical nuclear medicine. London,
Mosby, 1988, p 42-72.

Galasko CSB: The anatomy and pathways
of skeletal metastases. /n Weiss L
and Gilbert AH: Bone Metastasis.
Boston, GK Hall, 1981, p 49.

Harrington KD: The management of
acetabular insufficiency secondary to
metastatic malignant disease. J Bone
Joint Surg Am 63: 653-664, 1981.

Janicek MJ, Hayes DF, Kaplan WD:
Healing flare in skeletal metastases
from breast cancer. Radiology 192:
201-204, 1994,

Le Bihan D, Breton E, Lallemand D.
Aubin ML, Vignaud J. Laval-Jeantet
M: Separation of diffusion and perfusion
in intravoxel incoherent motion MR
imaging. Radiology 168: 497-505, 1988.



— o]l - AAY —

Le Bihan D, Breton E, Lallemand D,
Grenier P, Cabanis E, Laval-Jeantet
M: MR imaging of intravoxel incoherent
motions: application to diffusion and
perfusfon in neurologic disorders.
Radiology 161: 401-407, 1986.

Levenson RM, Sauerbrunn BJ, Bates
HR, Newman RD, Eddy JL. Thde DC:
Comparative value of bone scintigraphy
and radiography in monitoring tumor
response in systemically treated prostatic
carcinoma. Radiology 146(2): 513-518, 1983.

Malawer MM, Delaney TF: Treatment
of metastatic cancer to bone. In DeVita
VT Jr.. Hellman S, Rosenberg SA:
Cancer: principle and practice of
oncology. 4th ed, JB Lippincott,
Philadelphia, 1993, p 2225.

Moseley ME, Cohen Y, Mintorovitch J,
Chileuitt L, Shimizu H, Kucharczyk
J, Wendland MF, et al.: Early detection
of regional cerebral ischemia in cats:
comparison of diffusion- and T2-
weighted MRI and spectroscopy. Magn
Reson Med 14(2): 330-346, 1990.

Pollne JJ, Witztum KF, Ashburn WL:
The flare phenomenon of radionuclide
bone scan in metastatic prostate cancer.
Am J Radiol 142: 773, 1984.

Rossleigh MA, Lovegrove FT, Reynolds
PM, Byrne MJ: Serial bone scans in
the assessment of response to therapy in
advanced breast carcinoma. Clin Nucl
Med 7: 397-402, 1982.

Schaefer PW, Buonanno FS, Gonzalez
RG. Schwamm LH: Diffusion-weighted
imaging discriminates between cytotoxic
and vasogenic edema in a patient with
eclamsia. Stroke 28(5): 1082-1085, 1997.

Stokkel MP, Valdes Olmos RA, Hoefnagel
CA, Richel DJ: Tumor and therapy
associated abnormal changes on bone
scintigraphy. Old and new phenomena.
Clin Nucl Med 18: 821-828, 1993.

Sugahara T. Korogi Y, Kochi M,
Tkushima I, Shigematu Y, Hirai T,
Okuda T. et al.: Usefulness of
dif fuéion-weighted MRI with echo-
planar technique in the evaluation of
cellularity in gliomas. J Magn Reson
Imaging 9(1): 53-60, 1999.

Vogel CL, Schoenfelder J, Shemano I,
Hayes DF, Gams RA: Worsening bone
scan in the evaluation of antitumor
response during hormonal therapy of
breast cancer. J Clin Oncol 13: 1123-
1128, 1995.

Young RF, Post EM, King GA:
Treatment of spinal epidural metastases.
Randomized prospective comparison
of laminectomy and radiotherapy. J
Neurosurgery 53: 741, 1980.

Yuh WTC, Zachar CK, Barloon TJ,
Sato Y, Sickels WJ, Hawes DR:
Vertebral compression fractures:
distinction between benign and malignant
causes with MR imaging. Radiology
172: 215-218, 1989.



