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Differentiation between brain radiation injury and brain tumor recurrence
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[ Abstract] Brain radiation injury is a severe complication of radiation therapy for cancer. A major
dilemma in the diagnosis of radiation injury is differentiating it from recurrent tumor. MR diffusion-weighted
imaging, MR spectroscopy, PET and SPECT have all been used in an attempt to differentiate the two. But
none of them shows the best diagnosis sensitivity or specificity. Biopsy and histology may be considered the

ultimate diagnosis tests.

[ Key words] Brain injuries, radiation; Brain neoplasms: Neoplasm recurrence, local; Diagnosis,

differential

TR A A R U 6T IR B — R R E R
iE o FRYEE SR A Y2 R R AR | 3 A B
B, ARG © 24t R4
FRSHAE S0 E R W ERHER, —B
B0, WERERARIKM; @ EMBG . HEUT
FEAZEIANA. RESCELUSEN N X, S80E
REGEK; @ TG ERHNE 10 AR
FRE, REBCEEERBMEE . NEAE. g
B, &R, TR, wihiREs, B
ZRTHR, THRGRATESN, FRHEEEHK
il , TSGR IR G — B TSR, &
K E BT BI B n IR . BAHERER
PR R ERSWAEE—EXER, TR2H
BB T RUERAEE,

1 BRFERE

B R G i AR LR AT BE R AR ek By,
iR ERFERERS SR, SHNE. &

EE Q. 300052, REEM ¥ SEERIRITR
WREE, HXE (E-mail: afangtianjin@163.com)

STOE RRE . MR, BEFE. MR
MHBREREELHRARXR. BAEEKERR
FLH,
1.1 CT

B R G R CT A AR, FEX
BRAAHNAKM, HR/E2IFEHRY, BIRHR
R PR P DBALIRSE . T E CT X ol fusk
i T B S ERE AL BN BN RMER, CT X F B0
AR5 0 B SR R S S T LB IR
1.2 MRI

B WA SHER R R AR, —&
WO T AT R AEFEIE B R L, X APcAE AT LA
B AL T DU R B 3t A, R E A
EZ I HERE MBI, MRUEHRIARE
RAKhe, BRMAERESR . AR, B
. SHMERR., DEFEEAE, KX
TI MAURBRZEES, T2 MBURBERESY,
A SR . Kumar 9512 T 4~ MRI 895
BARE: “WTBETER ERM “EBE” ER.
"B TE EREAKE. ARMKRFHRER



ElFR s BB EEE 2006494 £30% #58 Int J Radiat Med Nucl Med, September 2006, Vol 30, No.5 300

FTE— R A IEIRALN , “FE B AR R AR A
IRFERIAZ Lo 78 B0 BRI ™ B A — s it PRAE
R—3, HH MRI X BSR4 5 B R &
BRI —E R,

1.2.1  SREIIAUR(diffusion-weighted imaging, DWI)

DWI FeARMRA K > FAEHR P T8, 7~
PNEMIREF K (apparent diffusion coefficient, ADC)
B, PILLRBGREE, 5 ADC IEE7E DWI |k
FFEIMEBAR, K ADC XK= ERNES .
it L, SRR IR T ) DX I L A B £ i v
HARZA RS RIRBORE, B LUX T A W] Hik
U FIPIRRZE . Asao SEPNT 17 B A HEATRTBSMH R
55, ERABBESHESRILAE DWI KR L@ FE A
A —, EEAE —EBERURI/MIREER;
RS SERE R & Z AR ADC R B3
XA, BIFER R4k ADC EHIRFEAE /N, A
&, WHBRETEIRYT SN Ao T i B i 4
FRIASERRBIHRB N R E) ADC H, MESRRN
i) ADC 189, &H NikK, DWIIE ADC 7E% 5]
THCSH A RS 5 A R B R 07 TR R AT, HOTE
1.2.2  #3EHRIE % (MR spectroscopy, MRS)

MRS 1E 5 — i A& L& YK 1 T A
GrEBR, LML &Y AR L= RIS
HEkRFRRELS R, AR EBIKES R
AL . MRS REHMFERET MR, K hEMAIER
ARG B R TR AERAE, 4T
BT  S B E 2 2 WME. HET, I
PR BRI H P s ) i 2 5 R L 4% 0 (CH-
MRS), HiE R =9H N-CBERLER (N-
acetylaspartic acid, NAA). ALER(creatine, Cr). %
B ILBR (creatine phosphate, PCr). BH# (choline,
Cho). PL.BR(lactic acid, Lac)SF. TERXETHENGIRGE
#1, NAA/Cr H{EF NAACho tL{EIIFR(K, T Cho/
Cr WA BIREE, JRAAERE XMW FEER Cho 3
I, MIRFEHL S Cho I Lac B9/ I8 R AFETERIT,
Hwang SEU%% 12 B 2121 20 12 A4 i ek Jeg sk e e 1
FRIVRFE Y 285 N F MRI 1 MRS #E/BGHR X WLEE 1Y
Fp EEAABT=4 NAA, Cho. Cr Fl PCr {5 538
B IR RISy NAA/Cr LB FFEM Cho/Cr H
ERFE, BEHERIERBY NAA/C HIER T %
i Cho/Cr WAEKH 2L ; SHHAFFERKFRAR,

5 Cho 5S8R NMIE ., Weybright & M SE
A WAL Cho/Cr HER 2.52. AT
LR 157, IEHMEBEY 1.14; 33 Cho/NAA
FL{E4r 120 348, 131, 079, 3% NAA/Cr HBEH
0.79, 122, 138; Jif Cho/Cr 5 Cho/NAA H{H,
KF 18 WHEEIME, ZRERY, RELHFEE
ZHREIFIFIT, {HR2 MRS 454 MRI 7E4 51 i b
TR RS IR SR TH A AR A 7 B AY
1.2.3  REILIRFE E AR (magnetic resonance perfusi-
on imaging, MRP)

MRP R ## Bk S Rk B Gd-DTPA /G #ETHY
MR ZhA AR, & LAIEH 6 40 M08 R B RS Th
fE, IR LB AT G T R R T
J& i MRI B LR BT RO . BRI HI B R %
Sugahara %125 F MRP {0V = ind i 988 B0 7 o i34 5%
DX 38 A% Ak B4 A Xt B I 5 & (relative cerebral blood
volume, rCBV)LY, ARINELHE BT 4 B9 3F fb
ARk AL I rCBV HWIKT 0.6, TR KM 1EHR
Fkti 1CBV LT 2.6, X4 rCBV HGTE 0.6~2.6 Z A
W, MRP k%5, WI—47 »'T1 SPECT 1
2, Teksam SFMLIRIE T — 76 % M MRI LRI
RETTREXS LU SR AR B 3R A E SE A R P AR SE
AR B, FELRE MRS #, Cho. Cr Fl NAA I&H
BT HE Bl B E TR, (AUE7E MRP R LB
IR
1.3 PET

ST VERIHR 5 ) PET JEARHE: BIANWZE
PLERIRRGR BT, BT . i, /M
BBURAR. =M, MABER, AHRER,
PET 3iE-& T % 50 = Bt M AU R 3E, R
FERFF R 5520 80%~90%F 50%~90%, Ttk
JEE B A B R o U R S e 22049, Beuthien-Ba-
umann SEHRGE, —BIBRA R EFEREMHERIL
IR R4 PET RIAHE R B HE R
:3: 88

BF- AR R E A M (PF-flucrodeoxyglucose,
BF-FDG ) Fl— e 75 5 A R AR IE AR R LU Y
(HBRERSCE R R RS )& S RE IRt
BN AR 22 A ) I RFAE

AEEHEE B SMRENMNT LR . A AR
B, SEHRSE RBURIB YT R A VC-F B & B ('C-
methionine, ""C-MET)PET &) vkt 2 R RIg E



310 EREHEFHEERE 200659/ $304 %5% Int J Radiat Med Nucl Med, September 2006, Vol 30, No.5

R R . Fe5eEFUERR 54 100% . 60%
1 82%, KB UC-MET PET 7& % 5| itv& & % FIR5C
B EA SRR, BT S R AR T
QIR TEEMFERM,

Spaeth ZEUINT A B ED FH 37 00 B2 50) SF- AR
ZE-L-BEE M (®F-fluoroethyl-L-tyrosine, “F-FET)
0 °F -F fCARBE ( *F-fluorocholine, “F-FCH )3 X% 51
RifhR R & At B IR AT X R
FITER MR P E A RKHE S,

®F-FDG PET 2— AW ENTHE, —#kif
MR R B KHRATE PET 94 B 8 *F-FDG &Y
BEREm TMER R, RETGEEEBBLESR.
BEFHEKFEA PR ELRREN.

1.4 SPECT

28 40 OB BB P A R L R B RN e
PP L, WEMNRREEAREERIOMME, BriX
FERFEHS P BAR, AP E/R, Tl SPECT
XoF S 1 R B A ) 4 IR T 'H-MRS™, 1
A AWK, ®T1 SPECT ¥i& 4 m Bt tE SR JE 4
LRSS,

Samnick ZEPHA Y, Plo-F 3-L-B5 & 8 SPECT
ATLUGRITE 4 RE RN ZBRRE, RSt
e K BTSSR . Gomez-Rio Z35 A ®'T1 SPECT
SR FIS WK T B B 16T S B A B R R
BOSHEIRSE, TARRE ©'T1 SPECT FE LI,
B HAEREIL 1T 72 o AT BE Al B & i AT LAVE A 41
K, SESEHEHFIMARNUERTEH—
#hFE

Serizawa ZF2HEM T ®'T1 SPECT #E v J118¥7 ik
HREE BRI G ME E Z R MNE: 1
T80 (ST AR B BUH DL IE B AR P B
¥ eI, BRSWREE S ERZE MR
I8, SRXFMHFENREER 1%, A T &
BBk — s gg iy (LB R ) M R R
w, HAEH™EARSERERE. vy JTERSRST
RERBEMA RN, T 358080 82 &
SRR, B SIRb 5 & R R PR S R ™
#1 Fl @71 SPECT,

2 FEBFISH

H T A RBE R, R TWE,
Fik, HESFEENIRESEE XS EORG R

ALER, EAPHFERSY : WG SE A
RE REERALE, BrUGET IR RMERE
KA K B RAE R EMER™, RS AR A F B
B RS BAREURIESH , U RIRERR
B2 T ERMERARMTIE ., DERNTERER
FEMEMMEDY 7. TERIAE 5 AR H)  E RE
P RH THBELE M, Tsuyuguchi F 12
55 iR RUA ST AR SERT, UC-MET PET 5
SR FER R — T BUR AR A E AR . Lin 500
BOE R A — T MR RIS, NPEEE
B R SR L B AR e X At B ok . TEROT
f& B & BB RT AT LI IR AR AR, FERbiE
> 500 nm ZEAIEHABUERS, HE TRHE,

46 F RS VE R B AS R0 e B o R R AT
B, FEARENIERFFENSESEEENEARE
MLz 4, RE MRS 2487 . DWI. PET HI *'Tl
SPECT #Risf 8 R AF b B dr 0 AR 1R 220 B2 Bt
FB, AW BA R IR K e — I 5 e 12
W R U AR R T AL T AT, RERAR
R E AN I BB AL/ Bl AR
FIE . LIS RLAM T IR A MA
LG, X FIEREE RV, MR & s
GRS RIEREEN, ERAREZ
IR ERITIH R —EEHEHE, DafBREERER
HEM™ERR,

8 X X W

1 KARIE, BTFX, e, % SEMEHERR G CT
MRI 747, IHEBFR SRR, 2004, 16(6): 419-420.

2 KEHK, EDF, SFEE, F RUEEEYT S BEHE R A
R MRI 3BT, P RS MERRRE, 1995, 12
(5): 272.

3 New P. Radiation injury to the nervous system. Curr Opin Neu-
rol, 2001, 14(6): 725-734.

4 Kumar AJ, Leeds NE, Fuller GN, et al. Malignant gliomas:
MR imaging spectrum of radiation therapy-and chemotherapy-
induced necrosis of the brain after treatment. Radiology,
2000, 217(2); 377-384.

5 Asao C, Korogi Y, Kitajima M, et al. Diffusion-weighted imag-
ing of radiation-induced brain injury for differentiation from tumor
recurrence. Am J Neuroradiol, 2005, 26(6): 1455-1460.

6 Hall WA, Martin A, Liu H, et al. Improving diagnostic yield
in brain biopsy: coupling spectroscopic targeting with real-time
needle placement. ] Magn Reson Imaging, 2001, 13(1): 12-15.

7 Tung GA, Evangelista P, Rogg JM, et al. Diffusion-weighted



E iR EE B EFRE

2006498 %30% £ 5% Imt J Radiat Med Nucl Med, September 2006, Vol 30, No.5 311

13

16

17

MR imaging of rim-enhancing brain masses: is markedly decr-
eased water diffusion specific for brain abscess. AJR, 2001, 177
(3): 709-712.

Chan YL, Roebuck DJ, Yuen MP, et al. Long-term cerebral
metabolite changes on proton MRS in patients cured of acute
lymphoblastic leukemia with previous intrathecal methotrexate and
cranial irradiation prophylaxis. Int J Radiat Oncol Biol Phys,
2001, 50(3): 759-763.

Thiel A, Pietrzyk U, Sturm V, et al. Enhanced accuracy in diff-
erential diagnosis of radiation necrosis by PET-MRI coregi-
stration: technical case report. Neurosury , 2000, 46(1): 232-
234.

Hwang YF, Huang TY, Hwang SL, et al. Differentiation amo-
ng metastatic brain tumors, radiation necroses, and brain absc-
esses using proton magnetic resonance spectroscopy. Kaohsiung J
Med Sci, 2004, 20(9): 437-442.

Weybright P, Sundgren PC, Maly P, et al, Differentiation
between brain tumor recurrence and radiation injury using MR
spectroscopy. AJR, 2005, 185(6): 1471-1476.

Sugahara T, Korogi Y, Tomiguchi S, et al, Posttherapeutic
intraaxial brain tumor: the value of perfusion-sensitive-contrast-
enhanced MR imaging for differentiating tumor recurrence from
nonneoplastic contrast-enhancing tissue. Am J Neuroradiol ,
2000, 21(5): 901-909.

Teksam M, Kayahan EM, Yerli H, et al. Brain MR perfusion
and MR spectroscopy in differentiation of radiation necrosis from
tumor recurrence (case report). Tani Girisim Radyol, 2004, 10
(4): 263-267.

Schlemmer HP, Bachert P, Henze M, et al. Differentiation of
radiation necrosis from tumor progresson using proton magnetic
resonance spectroscopy. Neuroradiology, 2002, 44(3): 216-222.
Langleben DD, Segall GM. PET in differentiation of recurrent
brain tumor from radiation injury. J Nucl Med, 2000, 41(11):
1861-1867.

Beuthien-Baumann B, Hahn G, Winkler C, et al. Differenti-
ation between recurrent tumor and radiation necrosis in a child
with anaplastic ependymoma after chemotherapy and radiation
therapy. Strahlenther Onkol, 2003, 179(12): 819-822.
Tsuyuguchi N, Takami T, Sunadal, et al. Methionine positron
emission tomography for differentiation of recurrent brain tumor

and radiation necrosis after stereotactic radiosurgery-in malignant

18

19

20

21

22

23

24

25

26

glioma. Ann Nucl Med, 2004, 18(4): 291-296.
Spaeth N, Wyss MT, Weber B, et al, Uptake of “F-fluoro-
choline, '"F-fluoroethyl-L-tyrosine, and ®F-FDG in acute cere-
bral radiation injury in the rat: implications for separation of
radiation necrosis from tumor recurrence. J Nucl Med, 2004, 45
(11): 1931-1938.
Kimura T, Sako K, Tohyama Y, et al. Diagnosis and treatment
of progressive space-occupying radiation necrosis following ster-
eotactic radiosurgery for brain  metastasis: value of proton
magnetic resonance spectroscopy. Acta Neurochir (Wien), 2003, 145
7): 557-564.
Wong WC, Cheng PW, Chan FL, et al. Improved diagnosis of a
temporal lobe ahscess in a post-irradiated nasopharyngeal
carcinoma patient using diffusion-weighted magnetic resonance
imaging. Clin Radiol, 2002, 57(11): 1040-1043.
Samnick S, Bader JB, Hellwig D, et al. Clinical value of jodine-
123-alpha-methyl-L-tyrosine single-photon emission tomography in
the differential diagnosis of recurrent brain tumor in patients
pretreated for glioma at follow-up. J Clin Oncol, 2002, 20 (2):
396-404.
Gomez-Rio M, Martinez Del Valle Torres D, Rodriguez-Fern-
andez A, et al. (201) TI-SPECT in low-grade gliomas: diagn-
ostic accuracy in differential diagnosis between tumour recurrence
and radionecrosis. Eur J Nucl Med Mol Imaging, 2004, 31(9):
1237-1243.
Serizawa T, Saeki N, Higuchi Y, et al . Diagnostic value of
thallium-201  chloride single-photon emission computerized
tomography in differentiating tumor recurrence from radiation
injury after gamma knife surgery for metastatic brain tumors. J
Neurosurg, 2005, 102 (Suppl): 266-271.
Ehrenfeld CE, Maschke M, Dorfler A, et al. Is stereotactic
biopsy a reliable method to differentiate tumor from radiation
necrosis?. Clin Neuropathol, 2002, 21(1): 9-12.
Tsuyuguchi N, Sunada I, Iwai Y, et al. Methionine positron
emission tomography of recurrent metastatic brain tumor and
radiation necrosis after stereotactic radiosurgery: is a differential
diagnosis possible?. J Neurosurg, 2003, 98(5): 1056-1064.
Lin WC, Mahadevan-Jansen A, Johnson MD, et al. In vivo
optical spectroscopy detects radiation damage in brain tissue.
Neurosurgery, 2005, 57(3): 518-525.

(R B 2005-12-30)



