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[ Abstract] Objective To observe the effect of synchronous push radiotherapy on bone metastasis of breast
cancer. Methods From December 2019 to March 2022, 92 patients with bone metastases from breast cancer were treated in
the Department of Radiotherapy, Friendship Hospital, Ili Kazak Autonomous Prefecture. They were randomly divided into an
observation group and a control group, with 46 cases in each group. The control group received routine radiotherapy, while
the observation group received synchronous push dose radiotherapy. Calculate the 5-week treatment effect of radiotherapy,
as well as the actual radiation dose to the tumor target area (GI'V), clinical target area (CTV), and planned target area (PTV).
Record the volume percentage of the 10 Gy and 20 Gy cardiac and pulmonary radiation doses; Compare the degree of bone
pain, serum prostate specific antigen (PSA), and nerve growth factor (NGF) levels before and after radiotherapy; Count the
occurrence of adverse reactions and investigate the repair of osteolytic lesions after 3 months. Results The disease control
rate in the observation group was higher than that in the control group (93.48% vs. 78.26% , x°/P=4.390/0.036). The GTV
dose in the observation group was higher than that in the control group, while the PTV dose was lower than that in the
control group (/P=4932/ <0001, 4494/ <0.001). The volume of the heart and lungs exposed to 20 Gy of radiation in the
observation group was significantly smaller than that in the control group (¢/P=2.975/0.004, 4969/ <0.001). The degree of
bone pain in the observation group after 3 weeks of radiotherapy was milder than that in the control group (Z/P=2.285/
0.022). The levels of serum PSA and NGF in the two groups after 3 weeks and 5 weeks of radiotherapy were lower than be-
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fore radiotherapy, and the levels after 5 weeks of radiotherapy were lower than those after 3 weeks of radiotherapy. The lev-

els in the observation group were lower than those in the control group (F/P=13.746/ <0.001, 11.942/0.002); The overall inci-

dence of radiation damage in the observation group is lower than that in the control group (x°/P=4483/0.034). The repair

rate of osteolytic lesions in the observation group was higher than that in the control group ( x°/P =4.089/0.043).Conclusion

Synchronous dose radiotherapy for bone metastasis of breast cancer has a good effect, which can improve the local anti-

tumor effect, reduce the radiation dose endangering organs, accelerate the relief of bone pain symptoms, promote bone calci-

fication, and has high safety.
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DR B2, o5 bk 50. 4% |, it B HELE 5 2 A7 1 i
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1.1 IGPEYEORE L 2019 4F 12 J—2022 4E 3 4
AUG % 50 IR N A B BT RRIRCA FLAR S B R iR
H 92 B, SR IX AL BB ML AT 2H 14 A AR 4 %o HE A, 4%
46 ], WIEZLAERS 35 ~ 64 % IR 41 ~ 75 kg; Xf
HRALAERE 32 ~65 % IRJFi i 43 ~77 kg, 2 SHAFEIE 4K
g i we e 2o 4 N I I N 7 2 E I =
FERER IO AT HE RS AR R AR % B
RECH MERS R SZ R PR H R 2 R Z R B R
FRAERKKETZA2 R IR R i
VAT LR E TR L Z R LS IF¥E XL (P >
0.05), W 1, AWFELIRIGERIE I Z 3 2t
(K20191121124 ) , F 3 I 5 Ja SVl a7 -4 28 s )
2.

1.2 JGBIBEREbRUE (1) 99 ARRIE 754 FLIR I S B
R WbrE S  FUREA S B B, 44
BB BAR WAL IR S CT A T L R MR AR
SEUOAR AR IR e A kb ORI M e A R

Breast cancer; Bone metastasis; Concurrent boost radiation; Bone pain severity; Prostate specific anti-

UWALITIT ] 2 ~4 J8] ;& 3B R AE R ; R KPF43 (Karnof-
sky performance status, KPS) > 70 4y, i i =173 > 6
MH . (2) HEBR PR : 28k 5% 3% sl A N RS 7 )5 &
AT R S F U S R AT ARIGST s FLEEUA A
S A IR M B B s &8 BURA A 5
1697 B IHREST 5 LT A5 /K- =3 mmol/L; &30 L
R R,

1.3 ROk WOLE IR SR BB B AT, 4
T OUUBETR £6 JE 2 B R, AR AR = B B 0 S I U A 1k
T o DEPEIEXS A TEAE 2 00 R SR L AT
REFEATHCS T, PIR AL FLRE S8 7 8] 5 e 0 7 & PR AR
R R SR R R R AR S T R X
O JFERIBIE R EARICBOE  BIALT CT &1L,
T8 T WM, Sk 3 R E AT CT #5314, J2 5
3 mm, 50 B A 5 IR B X5 B R A I R 4
i G A% 23R R G R R Y O %8, 43 2
9 #8 IX (gross tumor volume, GTV ) | Il IR # [X.
(clinical target volume,CTV) [ ITHI#E[X ( planning target
volume ,PTV) , H:Ht GTV Ay i Jeg It & 9 kb I 15 # b
RELZE , CTV  GTV R A5 51 X, PTV 7 CTV Sl
EAMT0.5 em, BEIX 3 SR YEFL 55 R/ MR K e B
JEALE T AR AEATEE FE . BRI HEAR
% BURFEM IS BT IR, B RIS — A HEIR, 224
FERHEAR D G291 em; HAMFRAL 25301 54175 48 I g At
NGHNIL) 2 em I FE SN 3 cm , >R ICAT 5 %
S B R LI U Wi 3 22 R ek R 5 A A [) R B
HOERFAEIIN 1 ~3 em HEFAFERE, (1) X R4
SR R BT X A 5 TR 2.0 Gy/IR,5 RS
Jal s Y 5 R e AR e 1R A 1 LR A T 4 BT, ARSI Y
1 ~2 & Oxk e BE VRBEAF RS BA 52 s kR TR R 1
TLAME 10 Gy, (2) WG I2 it [7] 25 e 1 7507 - GTV
FHE 2.2 Gy/¥K . CTV & 2.0 Gy/IkK . PTV 7 & 1.8
Gy/W,5 W/, 365 i, BrA bR — 52 95%
B DA ARG B Ab J7 50) 1 SR, RO JUE B 30 B S 7 L v
T B D RS R
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Tab.1 Comparison of clinical data between the control group and the observation group
moH X HEZH (n=46) MEEH (n =46) X/ Py
i (x x5, %) 48.91 £7.05 50.39 £6.72 1.031 0.306
R (x +5,kg) 61.26 +7.58 59.37 +7.24 1.223 0.225
TCB AR B](% ) ] <24 1A 27(58.70) 24(52.17) 0.396 0.529
=24 ™H 19(41.30) 22(47.83)
T BI(% ) ] T2 35(76.09) 32(69.57) 0.494 0.482
T3 ~ T4 11(23.91) 14(30.43)
MWL E B[ B(% ) ] <10 # 20(43.48) 17(36.96) 0.407 0.524
=10 L 26(56.52) 29(63.04)
BRI (% ) ] ok 13(24.07) 16(28.57) 0.286 0.593
e 12(26.09) 14(30.43) 0.215 0.643
A 6(13.04) 7(15.22) 0.090 0.765
EE 13(24.07) 11(19.64) 0.151 0.698
JEifA 10(18.52) 8(14.29) 0.360 0.549
HHBBEE (%) ] i W3 40(86.96) 38(82.61) 0.337 0.562
2k 6(13.04) 8(17.39)
Z FHEAECE [ (% ) ] A — ik 14(30.43) 15(32.61) 0.050 0.822
EZ RN 2( 4.35) 3( 6.52) <0.001 1.000
WA R Z R PR EL A 1 (% ) ] 16(34.78) 17(36.96) 0.047 0.828
Z g F 2 R BAPE LR B (% ) ] 17(36.96) 15(32.61) 0.192 0.662
TR AKHTFZE2 HELR (%) ] 10(21.74) 9(19.57) 0.066 0.797
PAFIBIRYT LR (% ) ] 33(71.74) 32(69.57) 0.052 0.819
FEIAIT LR [ H1(% ) ] 10(21.74) 9(19.57) 0.066 0.797

TE " MRS HA AL S8R 56 B, X BRALH H R kL SOk 54 M.

MECR SZAR B PR S AR B 3 e AR KR
SEAR-2 PR [T N 23 IR T R B [RRY T
1.4 WESETR 57
141 JRIPRCR 80T 5 JA S Z28 SRR I RS 7 R0
WARUE TEARIRIF RO . 58 4 28 f# ( complete remis-
sion,CR) : B kE 58 10 2% Fp L[] =4 Ji] 5
G2 fi# (partial remission, PR) ‘B # bk i K A8 2 Ml
/N =30% (B AR SE A 2R FFSe i Ia) =4 Ji] 5 B
Fa4E (stable disease, SD) : ‘B 5 % W kb e K42 2 FlI
b <30% S HGN < 20% , FpSEFIR] =4 8 500 i
(progressive disease, PD) ; ‘B & %5 J kb e K A% 2 Fn g
M=20% ,FFEmf i) =4 J&, B4 6 = (CR +
PR +SD)/ S 1% x 100% .,

1.4.2 X, Wi 2 47 5 B PTV . CTV
GTV 48 DX SEBR 7 )

1.4.3 GOoJIE Sl 52 BEAA AR . 433l 80O JFE % it 8
S5l 10 Gy 20 Gy YFBRLATRE 43 L, AbJr it 24
WHEAE R 95% ~ 105% , 13l 570+ (] 0] it 5 16 555 4%
H <20% KPR B SFARAR < 10% O e R IR S 511
i <35 Gy,

144 FREE. DIPRBT AL R (NRS) #E47
FI5E 30 ~ 10 43, 7318 8 5 R W5 ™ i, 38 iR

FIEPEACE A BRI Hodh 1 ~3 R
PEIR 4 ~6 37RO, T ~ 10 43378 1 LR
PEAG S TA) A /i T 3 8 BT 5 AL

1.4.5 Mg bn R WA . 07 RT3 8 BT S
JEI, S S W KL 3 ml, 50 BE L I (G IR R
7, DVER A DR A B2 ) AR e 0 v 350 ks
W00 110375 HY 91 B4 57 B0 ( prostate specific antigen, PSA)
IV, AR (106 ) A=W RHE A BR 2 W] R Ao i 11K
7RI 5 A il i p 22 AE K P (nerve growth factor,
NGF) /KF-,

1.4.6 AR 27 (S [ E SR AE O 58 i i WL 8¢
P EARAEY ) A 2 AN RSO, A5 B2 R R R
EA ] R TH A TE SO RO R A A

1.4.7 HEWRIEBEENBED 3 DA, B 5
JESE A5 SR 5 A 00, Hovh 58 85 4k S I 1k
kb e B A RO AL T B e kS A R T
TR 509 DL L, PR ATH R X 26 &% BCT $14H 2 &
AT RHTHE

1.5 SRit*#Jrik RHAT SPSS 22. 0 # 4 ab FEAHE
FFEIERS AT E TR, v £5 1,2 AR TSR
FHPRSTREAS ¢ 4S50, A ] s 8] Lo 35k 8 52 00 6 7 22
I3 THECRORE IR (% ) o, L] FE Bk
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XK, SRR BRI SR, P <0.05 WERH
SitE X,

2 # B

2.1 24IRITRCR LR RYT 5 RS WAL B
RN 93.48% , 1= T X BAL 1) 78. 26% , 22 5+ A4 41T
N (P<0.05), %2,

R2 XA WAL FL I B e R SR B IR T RCR
HE (%) ]
Tab.2 Comparison of treatment effects between the control group

and the observation group

P s il 25
(%)
11(23.91) 25(54.35) 10(21.74)  78.26
WMELH 46 0 19(41.31) 24(52.17) 3( 6.52)  93.48
Ux* i U=2.092 X =4.390
P1H 0.036 0.036

4 i CR PR SD PD

XTHEZL 46 0

2.2 2HMKFIE LR 24 CTV AR KR ZERL
Gt E L (P >0.05), M4 GTV & 5 T 6 g
ZH,PTV X TR (P <0.01) , W5 3,

R3O XIS S LM B e B S S [ B D) o
B (2+5,6y)
Tab.3 Comparison of doses in different target areas between the

control group and the observation group

Hom B GTV CTV PTV

Xt B2 46 51.32+3.08 50.44+4.21  49.21 +3.43

WML 46 54.27 +2.64 51.27 £3.35  46.16 £3.07
i 4.932 1.046 4.494
P <0.001 0.298 <0.001

2.3 2 4LUWE Bl A R AR AR 2 ALO R
filiFiaz I 10 Gy MIEERILEER TR ITHE X
(P>0.05), WEELL.LoE K ii &R Az B 20 Gy {RFU/IN T
YR (P <0.01) , WL 4,

R4 X HRLLG G FL I B e A% S0 OB e s 2 e )
RRRLEEE (v +5,%)
Tab.4 Comparison of cardiac and pulmonary radiation dose-vol-
ume between the control group and the observation group
o Jifi 8
10 Gy 20 Gy 10 Gy 20 Gy
46 31.33+£2.65 9.28 £1.95 26.53 £3.05 12.09 +1.92

Aol Bk

X HRZH

WEELH 46 30.52+2.78 8.11+1.82 25.44+2.86 10.24 =1.64
tfE 1.430 2.975 1.768 4.969
P1{E 0.156 0.004 0.080 <0.001

2.4 2HBUTHTG HIEAEEE L HUT 3 g4
BT IR 4% (Z/P =2.285/0.022) , JHUIT B
BT S 2 B R REERKEER LS IT¥E X
(Z/P =0.349/0.727 .1.201/0.230) , W% 5.

RS5O IRLLS WA TR B R R R R L
BB [#1(%) ]
Tab.5 Comparison of bone pain levels between the control group

and the observation group

41 5 EE R HE HE

DO <= R i ] 9(19.57) 17(36.96) 20(43.48)

(n=46) JOUY3 A  11(23.91) 23(50.00) 12(26.09)

TS5 A 25(54.35) 12(26.09) 9(19.56)

WA TROTHT 7(15.22) 18(39.13) 21(45.65)

(n=46) JOIY3F  24(52.17) 14(30.44) 8(17.39)

WOF 5 A 31(67.39) 10(21.74) 5(10.87)

Z/P SRR N 1.366/ 0.172 1.548/ 0.122 0.105/0.916
Z/P WS NE 3.659/ <0.001 4.805/<0.001 1.303/0.193

2.5 2 AT MEAR B s ST R,
WOTE 3 LS 2 4115 PSA NGF /KA, FLT S
JEMR T 0T 3 A (P <0.05) , WAE41 7% PSA \NGF 7K
FRIE T XS B (P <0.05) W3k 6,

RO XIS WEH T BB B IR AR S 8 b
(R (x+s,ng/L)
Tab.6 Comparison of tumor marker indicators between the control

group and the observation group

4 5l s A] PSA NGF

X HEZH A &idi) 523.86 +82.47 664.82 +93.05
(n=46) T 3 406.57 +77.13 506.37 £79.21
T 5 JH 330.56 +72.49 401.37 +74.63

ML y/Crgilil 552.48 +91.32 692.38 +84.19
(n=46) T 3 8 352.05 +70.69 458.72 £75.56
T s 269.81 +68.44 349.43 £68.22

F/P %} B4 N {H 72.332/<0.001  118.086/ <0.001
F/P MEEHMNIE 161.572/ <0.001  242.408/ <0.001
F/P 0T 5 A EME 13.746/ <0.001 11.942/ 0.002

2.6 2AARRIN R WER AL U P SR &
R TR RA (P <0.05), 2 HEsEME . HmiE
JLNE B R SR W AR AR e A LR, 25 R RS
B (P>0.05), W#E T,

2.7 WEWIBERE KEU3 A WA A
A1 B, R AGAL 13 5] % BREHL R DL 5E 4 B Ak 491,
TBATESAL 6 i, WLE ALV B e A B RN 30. 43%
(14/46) , & TXT IR 13. 04% (6/46) , 2% 5K 43t
R (y* =4.089,P =0.043)
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Tab.7 Comparison of adverse reaction rates between the control group and the observation group
A 25 A HEm S W 0 B IR SN T PRI A
XT 2 1~2% 19(41.30) 7(15.22) 38(82.61) 10(21.74) 22(47.83)
(n=46) 3~44 1( 2.17) 0 7(15.22) 3( 6.52) 2( 4.35)
B 20(43.48) 7(15.22) 45(97.83) 13(28.26) 24(52.17)
pUEZS:| 1~2% 14(30.43) 8(17.39) 39(84.78) 9(19.57) 13(28.26)
(n=46) 3~44 2( 4.35) 1( 2.17) 4( 8.70) 2( 4.35) 1( 2.17)
B 16(34.78) 9(19.57) 43(93.48) 11(23.91) 14(30.43)
X /P 0.730/0.393 0.303/0.582 0.261/0. 609 0.226/0.635 4.483/0.034
3 4t 8 BEMEAREY), FIRSS R R W [E) D 8 o7 A B T

RS A U R PR L, 24 o LR I A
MR 75% , ATAEA S IS O BB T E R A
SRS T RIS BB E GIRIT R B
B IERACR , HBEBT 1EHEAR B 755, 45 6 BUR IR 5L |
1E BRSSP R IRR E 2R &,
(L E BB AFAE— B R PR, 2R . (1) PR3 & H
IR LA AR A BR T A A (2) BRI 4 1 S
BT e R T AR RN i SR SRR, PRI R
FEA R Z BT N AA EEE X,

() A0 2 50 AT 38 59 A ] R D500 8 B, A A R
ez i ek B S 50 e 174D ] B e AR 8 AR AR X)) L A 4L
Uy, HUBCT A A S R5 JC R 27 46 B n =, 45 Bl
TR ] DR 2 05 4 5 BT A A
R R e R = P AP Y Ca gy a4
T A, R IR0 BT VT A AR R R SR Tk
KA AF I AT G TR A 4 oy R A T L
IRIEE B RS B, 248 R S s LS A 5 o 5 o 3 B J TR
E AT S5 TR AR R XA i, R R ER 4L GTV
F T S (PTV I TEAIG, U B0 o e X P o AN ]
XA B TR SR s R . ARB IR —2 & B,
WOIT 3 JE 5 2 4 PSA NGF K EHr4: R, H
B TR R, PSA TE L VEIR N 2 EAAE THL
JiR . D B S 2% R R A 2, FLAREE A 2 A S B
R MER R ORI 45 & 2 R PSA LA
e 5 MLl I8 R RS AN 4 T PSA KA, S EUH:
FE ML A ARSI PSA JKAF 4R AT
S A A AR o0 A s e I, A e A e A K
ERSR A FIEREE) ) NGF EA 1 HE L I 95 20 i 5%
St YEFAVER TR AR K - 4, A T 4
REMEAILEE 3 B/ &5 H I B {5 30 %, 00 98 4 i
DNA i st n sh IR 1, B i Ab 5 7 KU ) T
A NGF REIH A 52 M) Jirh 98 21 2 3% T 8 3 (%) 0 2 3 g 44
TP A 1 A0 S e g 4 1) 285 B L, A B T ik 20 ek
MRS HMEREDS . PSA NGF 5 0] V8 Jy LI g 15 5 75

PSR UM CR . Y 3 B e R AR
ISR AL, i v b i e B e A A R R A B T
SRR T HUMYR R ; R 25 R Ty A i R R FH v ]
fifp R i LY 7 5 ek A 359 5 B R, 74 o L 4121
2403 FE At L o 5 g A A ) X i g T ROCR AT B
PERITT

RS T B R R O I e BRI R
RS o MR A R A AR TR B R R R
P 3 P PERSER , ELIW R A AR A0 1 B L S R 2 et
ST IRAEIN 1 FLIR | IS IR B A B T
PRI 2 AT B, BOT 5 8 2 AR R
TCWIE 25 5 WHOY 3 Jl WL 2 1 s A A0 IR A o
2 PR R RE O A B T IR e . H R
P R T MR AR R B A A R
SR I B, 38 1 TR T A RS K A, 3 I
JOE R PR PRI A 29 S5, DT D Jre R 5 T ) 25 4
SR R a2 i SR HS e R 4 o ASOR A B T e
ERE U1 R =i S -8 W U 22 WV 193
iR AZ B 20 Gy PRF/INT X HRZH, ELCR PEB 1 & A=
IR, X UL [R] 20 HE e ey ml e i s/ i K s IR
SRR LA B AR Va0 9 H B, 4875 5 5 LK
S RA etk

WG — LG T 0T R E RS A
WEAEAITFE P 5 T 7 T ) B 4520, 4 2R B 7R I 4
B A T R — B T X
Ve BRI O ELIRAE S AR, 1 e A% F8 3 2 oo XU
PRERJE AT WA T A RF T, AR EAE 2 b
FEPAFRNUE L2200 AT 45 2R R WO % 42 #E
i AT AR A T, FLEL IR AT BEAE T T AT A ROR K
iR 2 L, 0 ok e A s AL P PERREIR | 5 XU PR
FRIBCA BT RAT DR AR, A B T3 i L s = AR
F i ) A Oy Al A W O T S Ak b ik — 2P 5
UMRBOR , LIS S 400 AL . /54 A2 AR B
FEREVT I RIE T e 51l i 2L , 5% T [ A e by v e
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WA R B AR AT 7 W PR 22 v 328 HO 91]
AT RIIBEVIATE

L b [P HE RO ml i R BRI 4 DX 9] 3
SYRYREEA A BT X P R RS R a H TRL
B B AR RO R e B AR G i e
AR AR S AT IR PR AL, 98T A

i
F i o 58 AT 8 7 B 2 o
1E& STk A B

X e BT 5, ST S B I8 SCIR S 5 % 48
OIMTIRE R, BTG T i A A B A ST AR
BORHB AR R
523k
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