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WETTAr 58 P O O IE S5 405 (RIHD ) AR B0, 570 e R B 155 (81 (DVH) PEASG B B 24 S 80, %
55 RIHD 0 2 (4 11 A PR 25 B 9 B 2 5047 A1 56 P 43 BT B¢ Mann-Whitney BRI 56, R FHZR
PR [ 05 £ F L LR PRS2 W DVH W) B2 80 2 6] (i St 2t 91 40 1E . 2R Logistic ¥ #E4T 2 W K
S, [S55R] 30 Gl &AT 1 ath i th O MES 7, & A2 RN 49.2% ., 15 e 432 I
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B AR PTVLC IEARFR H 9 il A2 38 RIHD BH 38, 4 0 BE A A7 4 & I % . 470 = DVH
ZH, JUHE DSO AIPEAS B0 RIHD /% A
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Related Factors for Radiation-Induced Heart Damage After
Intensity Modulated Radiation Therapy in Patients with Lung

Cancer

CHEN Zhi-qin, LI Si-han, LI Guang
(The First Hospital of China Medical University ,Shenyang 110001, China)

Abstract: [ Objective | To examine the risk factors of radiation-induced heart damage (RTHD) in
the patient with lung cancer treated with intensity modulated radiation therapy(IMRT). [Meth-
ods] From October 2015 to March 2017,61 patients with lung cancer underwent IMRT. The
RIHD after treatment was assessed with RTOG standard. The dosimetric parameters was evalu-
ated by dose volume histogram (DVH). The related clinical and dosimetric parameters were an-
alyzed by Spearman correlation and Mann-Whitney rank sum test. Linear regression was used
for diagnosis and rectification of the multiple collinearity. Logistic regression was used for mul-
tivariate analysis. [Results] The overall incidence rate of RTHD was 49.2% (30 patients),all of
grade 1.0. Spearman correlation analysis showed that the factors correlated with RHID were
gender, tumor classification,clinical N stage and history of hypertension (r=-0.241~0.258, P<
0.05). Mann-Whitney rank sum test showed that there were significant differences in heart V5~
V50, heart medium dose, heart volume , PTV/heart volume and D,,..,D50,V5~60 of left atrium,
D1ean; D50, V20 of left ventricle, Dy, DSO,V5,V20 of right atrium and Dmean, D50, V5~50 of
right ventricle between RHID and non-RHID groups(P<0.05). Multivariate analysis showed that
history of hypertension,heart volume ,PTV/heart volume and right ventricle DVH variable were
independent risk factors for RHID. [Conclusion] Patients with smaller heart volume and larg-
er PTV/heart volume would increase the risk of RHID,especially those with history of hyper-
tension. Right ventricle DVH , especially D50 may be used for assessing and predicting RHID
after IMRT in lung cancer patients.

Subject words : intensity modulated radiation therapy;lung cancer;radiation-induced heart damage;
dose volume histogram
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PRI T AT 5 R AN R A O BE B A 2, e
A Hr 1 61 1145 32 [F] 25 i Ak i 98 B85 14 i PR
GERE, Il A A T I 3 A G R AR L 5
(DVH) W-Ah IE 5 21 2085 1 52 IR A 0 B 240, o i
A TS A JUE A5 3 A 5 B e IR R 3R R B S
BN — 254 115 R

| ARSI

1.1 ANAEiRE

2R BR12 VIR BT 1Y Il 2R AR <
70 % KPS ¥4 =70 43 ; B A AA 0 =3 4~ H 3697
IR IR I NI R e A S BN Y S AN S
W A BT AR 3 A H AT ERAS O MR TR A P
(e & . HEBRBRAME . R A A ™ F 0 IEE L, IR 7E 3
NN EMEENE; BT 45 B0 R R 8 o8 5 &8 o7
T
1.2 EERER

2015 4F 10 A 2 2017 4 3 A sz T B &
R 25 B e 55— = B 4 32 TR 25 AR Y7 1 61 191 il 98 £8
o SHBEERNAER 62 % (30~70 %), B & H
h 4714, FE A5 It E A9 R 28:33, 2 BE AJCC il i 5
7 WU BIRRHESEAT MR N 43 (Table 1),
1.3 BFARK

SR FH A 90 BEE [ E A, CT B 004 4 2 A,
Raystation 7% RGEH 1T R LB F L 1EH . —4EH
A GTV L4 J5t A& b S G Rk 45 ¥ GTV
¥ 5509 5~8mm Ml IR #E X CTV,CTV 4h 9" 5~
10mm K it R X PTV, H#H ¥R A IMRT,PTV 4b
J7 #l & 50~60Gy,2.0Gy/¥xX ,5 W/ 3t 25~30 ¥k, %
3K PTV D95 #5232 100% 1) 4k 7 I B, A B
Bty A oy Ay y LLEAZS N SEmE B9 I6 97 7 %
14 YESH

A AR BUE 7B (DVH) 3158 GTV PTV
PTVmax(PTV iz K7 &) 0 IE V5~V60 (#3Z 5,10,
20.,30.,40 .50 .60Gy 7t B85 .00 R R BT 5 A
Sy O IR O AR O I R R
PIV/OHERFL L VAR 2O B 0% A0 A
Oy W H50 H DS0(DS0 R 509% 0 JIE 4% i 1A AR PIF
22 iy IR R i) \V5~V60.,
1.5 A& O RER 15 T ¢ AR A

A 5 [ B g S 36 97 PME 41 (radiation thera-

982

Table 1 Baseline characteristics of patients

Factors Cases Percentage(%)
Age(years)
<62 34 55.7
>62 27 443
Gender
Male 47 77.0
Female 14 23.0
Left/right cancer
Left 28 45.9
Right 33 54.1
Classification
Central type 47 77.0
Peripheral type 14 23.0
Pathological type
SCLC 27 443
NSCLC 34 55.7
Hypertension
No 49 80.3
Yes 12 19.7
Smoking
Yes 39 63.9
No 22 36.1
Clinic N stage
0 4 6.6
1 11 18.0
2 34 55.7
3 12 19.7

py oncology group, RTOG ) it 5 1 .0 JIE 453 47 s 1fE #E 47
PEHY, e 0 S O B 5 5 (radiation-induced heart
damage , RTHD ) & X0 & A FER7 IR 5 90 RN &
A RS O B A5, AR A0 I ACRE R ™ R
WL JE A5 15 VAN 5 8 7 R B RTOG s 73
0~4 %,
1.6 Hitz=4E

KT SPSS 22.0 A EAT Bds oy Hr o 722 ] 1Y
AH ISR ] Spearman A JCPEAS 55 5 3F 1E A543 A 6k
K Mann-Whitney Bk Fl K 50 iE 17 5 K R 5317 5 2
JCLAE I H 2 B L2 R 2 W DVH W) B2 80 2 W] Y
L, F R M BT HEAT A E . Logistic 23R
3 M U 8 RO RO E A B 52 e R 2R P<0.05 O 22
AR X,

2 & R

21 WMSTMOCHERGAXERREFBER
WEL W8] 30 7] f B kA O EBG, BAERN
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49.2% , H B O R 43 14 15F 8] DR VR 9T IR 27~
90d (i) 42d), O FLEIAEAL 17 BISE PR Bt
L7 9 ST Bkt 28 |2 Bl A& by 51 B A2 == s U
1 B 1 BLOEASTE 1R & s 8,25 1T ik
7 P BORCTT A5 AR B0 R SR A, BT T R
3AHEAN 14 BIRE EH A5 11555 (7 6
SO 3 B ST Beik A 1 Bl A= m B E),S
BT 7 e B O B SR (3 Bl sl 1 6=
W1 BB 1 ST BedtAR ) 59 ) 55 H B B o0
LB S5 3 AR E AWK E ERE ., 6 613
cTnl FHim, BWEEFGEEN, AR TEEL 1
¢ RHID, A &M 2 % X Vi I RHID, B iR N
100% , AT E ] 12 4~ H (3~20 1~ H ), % 2017
6 1 HBEVTZ AT ], 61 6 35 i 43 ] i 3
HEAE BT 18 B (16 58 T g , 1 5 Mg i i, 1 3l
il PR IR )

22 M EHEOREBRGREZES T

BAs R A0 s DVH S804 & 20 % DVH 24
A A0 5 DVH S804 & f7.0% DVH S 4048
i, B2 EAL R
2.3 FSHHEOBEIR B Logistic ZE RS
# iR P<0.05 (IR R KA B S AR a (P i
S G IR N A0 301w o R R O E AR PTV/
O A4 DVH 80748 5 /2.0 7 DVH S 5048
i 20 % DVH 2808 & 450 B DVH 28078 &
F 0% DVH S804 1) 17 Logistic £ .?ﬁ:ﬂ‘ﬁ ,
S5 RN L IR S O BER AL PTV/AO IR L
0% DVH S 80078 s 2 IO PR O 453 477 18 2 57 i
J5i [H 2 (Table 4),
24 ADOEDVH WESHHN RHID # ROC £k
40> % Dmean D50, V5~40 BE #i ] RHID A9 %
A, Hh 4R mATE 0.653~0.719 2 8], D50 fiY il £&
THEA 0.719, HA S HEM M (Figure 1),

Table 2 DVH difference between RHID and non-RHID patients

AR B IY O e 7 (ZE )

by Mann-Whitney rank sum test

B R0 E DVH A 4y B 2 2 50t 47 dh 2

Heart Volume(cm?®)

604(488~1006 656(336~824) <0.001

XoF RS M O R 43 T B S S e PR L MR A Falctors middle (RHID) NOH-RH)ID p
N s 2 | L B - value n=30 (n=31
% ‘”EEE NI L P S 5 O P O S PTVmax(Gy) 68.05(46.11~73.91) 66.41(53.7~70.51) 0.070
HATH S (r=-0.241~0.258, P<0.05) s B 1E 4 prv(em) 182.5(70~765) 265(59~605) 0.067
SR IR N A R s E AT i e e B GTV (em) 40. 5(23 161) 70(2.6~864) 0.211
S A 09 2 2 ) BB e ey SO
Lung V30(%) 11(0~17) 12(2~16) 0.005
RAEBOH R CBES OIS S AR R AR TEG | Py Gy 10(0.5~13) 11(4.6~14) 0.007
A5 475 2 9y B 2 B8] ) 5 R AT L HIE V5~V50  Lung Dmax(Gy) 61(1.6~66) 62(35~66) 0.474
DA FN . O IERF PTVA JEARF LG, 22 Lung Volume(em®) 2744(1244~5472) 2873(413. 1~5516) 0.474
S HA G5 L (P<0.05) , 1 PTV (GTV .o Heart V3(%) > 5(] 9~99) 38(0~94) 0020
N " RN Heart V10(%) 39(0~94) 29(0~85) 0.021
V60, LIt Dmax YIS HA R WA OAE V20(%) 27.5(0~76) 19(0~61) 0,009
Wi & ERYINER (P>0.05) (Table 2) o A HESS  Heart V30(%) 18.5(0~61) 15(0 51) 0.006
WIR . £ 55 Dmean . D50.V5~60; 7% Dmean, Heart V40(%) 8.75(0~48) 8.6(0~40) 0.001
D50.V20; #i B Dmean.D50.V5.V20; A7 % Heart V50(%) 2.150-24) 2.6(0-28) 0.002
: Heart V60(%) 0.55(0~4.9) 0.5(0~5.5) 0.094
Dmean D50, V5~50 J&0BERCS PEB G R 2 ma A Dmax(Gy) 57(5.8~65) 5802.4-64) 0064
Z (P<0.05) (Table 3), Heart Dmean(Gy) 13(0.9~35) 11(0.5~30) 0.007
) )
) )

VR4 T, 25 R om0 I V5~V50\1L)HHL:qu—’>];|J

PTV/heart Volume

0.45(0.16~1.34 0.29(0.07~0.78) 0.005

&7 ; /£ 7 Dmean D50 .V5~60; A= Table 3

DVH of all chambers of heart by Mann-Whitney rank sum test

Dmean .D50.V20; 47 7 Dmean D50,

P value Dmean

D50 V5 VIO V20 V30 V40 V50 V60

V5.V20; 4 %= Dmean D50 .V5~50 )5 LA 0.003

ZHKH T VIF ¥ K+ 10, ez W 0.019
RA 0.021

RV 0.002

ALY, B R B 4 i X

0.019 0.042 0.034 0.016 0.015 0.004 0.007 0.040
0.021 0.118 0.134 0.044 0.060 0.159 0.151 0.526
0.019 0.027 0.078 0.019 0.005 0.188 0.090 0.574
0.001 0.003 0.006 0.013 0.002 <0.001 0.001 0.151

T BE AR AT 0 BE AL #4200 DVH &

Mg 2% 2018 4% 24 5% 10 #

Note: LA :left atrium; LV :left ventricle ; RA :right atrium;RV :right ventricle
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Table 4 Univariate and multivariate analysis of RHID

25 ) T ST Y RO A5 R B0

Factor B SE Wald  df Exp(B) RS0 B O TG 3 S H B AR 14
Gender 0.003 1.021 0.000 1 0.998 1.003 4 5 TF B , SR8 — 5 S E T R
Classification -1.240 0.837 2.198 1 0.138  0.289 - N .

& 52 W58 B8 i 50~60Gy, oL» P e
Clinic N stage -1.002 0600 2792 1  0.095 0.367 % S M A y, LA ml‘a T
ek rercsfon 2054 1044 4656 1 0031 9523  AKEFK285%, WEEEH 1 X BUMHE
PTV/heart volume -5.822  2.508 5388 1 0.020 0.003 O LI AGIS R AT B i A0 AR R
Heart volume(cm’) 0017 0005 10176 1 0001 1017 bk [WJESE A 40Gy iU S [ 53 %
Whole heart DVH 0910 1334 0466 1 0495 2485 =

Ny 7 U I A7 BB 550 5 By 1
Left atrium DVH 2074 1164 3177 1 0075 0.126 %Kﬁ 30% ’B%% - HEX'E %L”JE R
b s, DAL 1222 0672 3306 1 0069 3304 (i, UBSER R AT AR R BT K 67.3%~
Left ventricle DVH 1,502 0857 3.070 1 0080 4491  733%", ABFFEH FIH.C WL K LS
Right ventricle DVH -3.151 1.147 7548 1 0.006  0.043 B ] Sw kA R kR E A, TThE

1.0

0.8

Sensitivity

0.6

0.4

0.2

0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 1 ROC curve about Right ventricle DS0
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55 5R RS IO VR 7 R R BRI 1 1F 5 20 4Ly RE G
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N 43 ST G, | 22 32 0y %) DXl e R B A i 0
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W 2 AU BT T 50 151 1 R i Jg AR TBOTT X6 0 U B
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B 70 ARG BB O AR R K PTV/C IEAR RS R
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%k RIHD FA % 2k RIHD 41922 A Giit# X,
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7 D IE V30 V25 V60 0 EF- 257 5 DS Dmax 55
£ 1 5 RV DT 195  E 7  TRR i N 0/ e R 7 3 1B i o
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