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Abstract Objective: To retrospectively analyze the toxicity, short-term effects, and survival rate of patients with recurrent
high-grade gliomas after re-irradiation with intensity-modulated radiation therapy ( IMRT ) with or without chemotherapy. Methods:
From January 2007 to December 2009, 19 patients with recurrent gliomas were re-irradiated with conventional fractionated IMRT. The
interval between radiation courses was 9-156 months ( median: 32 months ). The radiation dose was 40 - 60 Gy, 17 - 30 fx, 28 - 45 d (
median: 48 Gy, 24 fx, 35 d ). The biologically effective dose was calculated using the linear quadratic model. Radiation toxicity and
short-term efficacy were recorded. The overall survival rate, relapse-free survival rate, and radiation necrosis — free survival rate was
calculated. Results: The median biological equivalent dose was 58 Gy ( 48-72 Gy ) in this group. Grades I and II of acute digestive
tract side effects, headache and aggravation of neurologic dysfunction, were observed, which were relieved with symptomatic treat-
ment. Toxicity of more than grade III was not found. Five cases with radiation necrosis were found. Among the 19 cases, 3 cases had
partial remission, 13 cases had stable disease, and 3 cases had progressive disease. Up to 5 cases had increased Karnovsky performance
status, 4 cases had declined Karnovsky performance status, and 10 cases hat no change. The 1- and 2-year overall survival rates were
62.4% and 34.0%. The median survival time of the anaplastic gliomas and glioblastomas were 11 and 10 months, respectively. The 1-
and 2-year relapsed-free survival rates were 45.6% and 26.1%. The 1- and 2-year radiation necrosis-free rates were 68.8% and 55.0%.
Conclusion: The preliminary results demonstrate that re-irradiation with IMRT and modest dose (median BEDa/f = 10 = 58 Gy ) with
or without chemotherapy for recurrent HGG appear to be effective and safe. With the limited number of patients in this group, re-irradia-
tion could be used for treating recurrent gliomas with caution, which deserves further study.
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2007 4 1 H ~ 2009 4F 12 H A B 452 PR 7 1)
HGG 194, 4Ei 7 ~ 55 %, hifii 42 % . Hir 13 4428
FER F AR BE S S HGG[WHO T ~ IV 2%, fie i 22
R G WHO (2000 4F) 432 |, 6 FIARATFRIRFA,
B85 — % T A6 H L HGG, £ 3 3% MRI, MRS #1
FDG-PET R A $2/R A 5 & o 19 B 5 52 e 25 7l
FIREBE K AL TR RGTEF Y, AR v 18 4237
5 T, R OT R S 50 ~ 60Gy, 25 ~ 30fx,
32 ~ 45d, Wi Fl 4 56Cy, 28fx, 39d., Hirp 12 451 %
SR ER TS A T 2 B 40Gy/201fx i 45 5F IMRT i
201 SR FHPA T X 28 J 30 B RS, 4 46105 FHAE T 07 4%
Ko B VB2 5 =0T 2 1 1995 4 K 58
102 S5 11 2% e 5+ 60Gy/301x , 2005 4E 5 & FER T AR I
M RIAE PR S IR, AR5 T & JE T 60Gy/30fx,
2008 R A, T AU 3 VIRR , i 3y [ A2 20
ST | 5% BA Rk 32 B =R T 45Gy/ 181k, FR 1
7R 19 B il R TR
1.2 FRAIT ik

WA ICTY 8] B s 1] A 9 ~ 156 4~ A, Wiz 32 4>
H . FRNT R 40~60Gy, 17 ~ 30fx, 28 ~ 45d,
FR 7 iR 48Gy, 241x,35d. LEHAYT R IMRT, CTV
Sy MRI 588 52 KR AN T em, 2305 R 2 ~
2.5Gy(H 12 Gy)o CTV HAR IS TS L2 A%
T4 T R AR X S (— B <5% ) e/ NIl (—
18R 95% B Ak T ) ) RS K & (— R 107% 94k
D7 700 ) S AR e K B BRE /N ek
7] R RES 0 R B AR 4 S L (AN A AR Dmax Sy 4
Gy, P £ Dmax } 20Gy, T 4& Dmax & 20Gy, s T
Dmax 4 25Gy %) . PTV 24 CTV 4Nk 0.3cm. A4
1 5% FI MRI-CT @it 5 22 # IX . IMRT R JH] VARI-
AN-600C F LM &% (6 MV X £8) L M- JE 5 i %
(NOMOS A 7] ) H CORVUS6.2 (NOMOS A &) ) i& Y7 it
SR

T A AL 1] B S B oy B R AN —
¥ 1L-Q 5 2 1 58 55 204 W) 7 i (Biological effective
dose, BED) , f 35 : FH A2 0T 5 S v 2H 40 (g 21 40)
BED | DA ST W S 21 2 BED | P2 T80T 6 5 vy 21
ZIBED A J 212 RFLBED,, BED=nd(1+d/c/B),
nd=E P EERI & d=20 KR n=20 KB, a/B=41 21
BERETT, N 2 o/ BIEHL 10, M2 17 2H 2 o/ BAE
B 2B, i 2 i 2H 20 B BED 25 T LATE ST BEDuwpoo
FART BEDup-2o
1.3 299677

AL A 14 61432 40y7 . Hi 10 2R TMZ

[T I %8, BV 7 A 1E] 75 mg/m?, 5K F1AR
IPEE AR 4 TR S I IRARSY 55 1972 150 mg/m*/d,
FESE TR 5%, 45 2 97 2 200 mg/m’/ K, 28 K 1 1M7
B, P AN TR (B~ 640 ) s 4 WY I 432 T e 3
AJVT 7 %8 : 2.5 mg/Kg, WHIKTETE , 5 M 6 Ji S 1 AM)7
PR3P RG~ 4T ). Aoz Te%
PRBAH ST 200 mg % 100 mg (<14 Ji % i 38 ) 1%
S, BT I R 1R, A SR (4~ 6) , i 4
TMZBA e Z- 3R BPTIRTT
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Table 1 ~ Characteristics of the patients

SE| B EH oy (%)
PEH B 13 68.4
Lok 6 31.6
sy AR A Tount: 1 53
it 9 47.4
T 2 10.5
it 5 26.3
el 1 5.3
Hent: 1 53
I LAY (i) 25 B T 4l g 6 316
JUE I - 2 LR 7 36.8
[AS DR I AR 6 316
FRREOT PG (Gy) 40 ~ 49 12 63.2
50 ~ 59 6 31.6
60 1 53
REGITS(KPS) (43) 50 ~70 8 42.1
80 ~ 100 11 57.9
PR FANGA RFAR 6 31.6
A VIER 3 15.8
WAV 7 36.8
IR 417 3 15.8
1.4 BV

BRE RO T R A R B2 — IR, OSSR R 14
F & A 1558 MR, A 35 157 ROFAN A &R RF
4y, UG AR 34 A Z A58 MRI. SRR TG
W2 KA AR TN NI AR RO 1R
HE
1.5 SGEit2ehs:

TESRIOT AN RN, 43902 /8 2003 4R A 1) CT-
CAE3.0, I HAYF RO 2 B RECIST S 44 i g 7% W8
JPROTFE BRI (2000 4F ) . 1 FH SPSS10.0 8K E/ESE i1
38T, H Kaplan—Meier 3 715 SR AEAFR TR 2
RAAFRRTC IR ICAATR
2 #R
2.1 BEDiI&

FEFE T BED wgoio O AH 58Gy (48 ~ 72 Gy) 5 LA



2011455 38 4550 20

19 1) & M 3 o B i3 AT AT 0 2 5

1273

FERIT BEDwgo FV(E 120 Gy (100 ~ 240 Gy) 5 PR
JF BED s B 96 Gy (80~120 Gy) ; 2FBED o0
HifE 216 Gy (191 ~ 341 Gy) ; FRAE 07 40 75 7] 3R]
HUAFL(PTV) P E 82 mm*(26.5 ~ 171.6 mm®) .
22 BUTARR
22,1 ZMERN ARG G2 RN R
o (AL A6 43 [ A7 o 461 ) s 3000 3 Ak S 7
SR AT I REBEA N, M 1 ~ 24, it WHEIRYT
Je e R BB S d A , R & B 3 G A b 2k RO .
222 JEBICE RN A S B H P MRS HER Y
PEIRFE , Jorb 2 il P Rg 52 %, 3 491k BRLali P i S P IR
B 5 KA I 6] i 7 F IR fe 4.5.6.8 .8 H 5 URHAR
BEAr e 2490 0 T2, 34461 Ry T 2 5 Hev 1431 35 At
PIUCIOT , BEVRRCTT i 34 A H Bt [ K i g 21
WAL, K IXAE AL B, H AT BE D5 28 41~ A, MRI R
IRFEIR KL B WAR /N, A R B 52 o 1 491 e T B 44
JiLJeE £ PR IS 6 1 H H BBt J | 28 X b
FERRAETE R
2.3 TR A A L

VTR PR 3491 (15.8%) ,SD 1344](68.4) ,PD 3
%1(15.8%) s KPS 4 15 5491, ANAZ 10 ], R R 4451, A
ZH AR YR BE TR E] h 2010 410 A, B A 11 ] & 4E
T, o o {5l 58 F ik Jmy s 1k Jie , 2 1810 Sk i ) 22 %
B 1 24F BARAEAT RN 62.4% M1 34.0% . Hob, 6]
A R TR 20 IR PP SE AR AEI ) 1A e R4
96 (GBM) H {7 AE A2 1] 10 H o 1246 F 35 s i 42
&, Hoh 3 IEEIG R L, 1 2 AR TC R E R AR RN
45.6% F126.1% ; 3% 2 fi. 7= AS [ 9 BHE 2 7 (1) £ 2 Ak
A AR RNTC R0 58 K A A7 2R O, 4l R AR R ] A Pk
DGR I BT JRR P AR IO P BT, GBM TS e 22, 3 4
ZREGIFE L (P<0.05) . AN, AL H) 1.2 4F
O RFEA: A7 H 68.8%F1 55.0%
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Table 2 The survival rate of different types of pathology
BRAAFR (%) TR A5 (%)

S By 1R
14 24F 14E 24
[A) AR /D e iR (n=6)  83.3 83.3 83 83
[B]AS 1 B AU (n=6) 222 222 222 0
GBM(n=7) 214 0 14.2 0
3 itig

SRAE HGG PR Y 1 H B2+ 1) 400 i Jif 923 240
PRI A 5 2) B S E A2 DI REAER 5 3) IR T 1L
J7 T BES AT 25 1D M5 4) S AR U I A o e
(58 B, AR TR0 25 W) AL 45 40 1) 25 E o 1f
i o

TE 0 2H 2SR T 37 e AR, SR FH R AR
FEBCIT 45 5 5 R RS IR B8 , BT AR DR . i
SFF A A B 1) 22 9 B35 S 300 e R AACRRAH DG 14 1
BRI B B A A A S R R A G . IMRT gl
o AR A X5 A X B S T [ s 5 AR S A A
() BRSO B2, U/ i B 2 B ) R R o

1644 K HGG AR IT I 5 22 2 Iml B iy
iE B SRR AR S AR, w9 TChRiE T % .
A5 5k 7 R FH G 3 0 0T ) i (R L 48 Gy) il
IMRT 4% RIGIT7 58 KM HGG APkt = /N, A 5 16
(26.3%) HBL T J5 ABCE HE G IR AL , J b 2 461 £ firbogg
5K . Mayer 25 N0 8T 21 RO 0 %8 RHE A
o HEER A S M OT BRI &, BT i 2
P 41 o Nieder >R FHHE 4350 5 5 A RR T 7 % 1k
JRE SO IRE , TSR I I R A & A R 6% , 18 > A S B e B
bR 26% , b e 57 ,INR 30 ~ 45 Gy 15 B4
PR A5 I E R RO . Ak, Kl iz
FH L-Q #5338 B AR 7 ) a2 B 75 /00, B 1-Q
Bz AT R M R G Z REH A2 e 2B R,
T R0 TR S5 ) B s PR AN 2 DA 58 Bl I 5 A 22 A 210
PSR IE R

A2 ] AR P B R A MR v AR A TR 1L
GBM 4 104 H , 5 3CHRRGEFEAT . Nieder 25
K0T 1987 ~ 2000 4 & 3% B HGG F-F2 Y7 () #e3E
GBM (57 A= A3 R 19 ~ 28 JA , [] 728 5L 484 4 o o
F325 ~ 48 JH . Veninga 55 R iE PR HCT GBM 17 41,
R T i 50 ~ 60 Gy, PRI o 5 i 46Gy,
PO T )b e g 11 A FR i AR A7 26 J

PR UT RE S i3 R B AR 16 i i, Eenst—Stecken
A0 T PERIFSE SR FH FSRT FEAR 0T 15 e JBesig , vp
¥ BEDcum237.7Gy, H {2 Fli i st 8] 9 4~ H |, 45 5L s
BE R T % = AN BE S MUY RUARDT , A B
VI DL F S MR IRAE . ARBIFSY s T 45 PR A 1
AAA S B KPS BRI i HE &7 , A7 4 61 KPS B,
TR A D PR A e FR A R AR AR TS B T RR X i
7 J5 R AR I IR T A g R, AN i 2 A B S
KPS KZHEiZ A o« (EAF U B A4 1 9 i 3
P35 =BT I H B S0 1 1 O PR IR B, R 2
AEZXHIEIRIT IR AL B i /N (H % R B 4 B 3 ok
(A9 v A 32 B W mIE T, 28 3 s U0 R mT
REIRE G5 = YT

P T AR 2 PR T 7)o A R AR AN =, i
Wi 177 FsF TR 5L, OSSP AR SR AR 191 B AS 22, A e 43
BTt R % B 5 700 55 1 A 3R AT A S6 1 T RS R F
Hudes %5438 1 7R T (8] FR A 1] (3 ~ 50~ H)
SO IR IR T & A 2 B AH DG, T BEDcum
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SRR RN IR A 5C 22 50 B [R) A A i
T A R/ M R E AR BN IEH AU
S LB, PR RIS T 52 B AR O 5 5 [l Ak 7 e
A BE S R R IR AL K A2 3 A7 AT I FH I
BEDcum ANEHE L 200 Gy, Mayer A IE 7 52 1 il
SRR R B S A 1) 3 S R R R T R B, IR
J7 2B KT 100 Gy J5 , & A SRl 5 81X
WFFETOT (Al I T dRe b A 34 H B S5 R R ik
TR 1) o TR0 R T30 S A Pl SR A A B it A St AN
i, Neider 55 I3 9K AU Y7 8] B B[] S AT g
KF64MH.

14 h 1k, FARMAI TGS & K HGG i i
WA . ARFFR WD R R H IMRT B R Fil G il
B8 (37 BED oo 58 Gy ) FRRR BT N A fin
ITIRYT I R E HGG %A 3, il , SCHkHR 15 DL
AU RE W R RO AR IR ST (A% B A
TR D BRI I T A2 R HGG AT 1, O
{EAFHE— PR R
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