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[ Abstract] Objective To explore the relationship between bone marrow suppression and the
dose volume of iliac irradiation in postoperative cervical cancer patients that received intensity-
modulated radiotherapy (IMRT). Methods A total of 109 postoperative cervical cancer patients that


mailto:fjing_h@163.com
http://dx.doi.org/10.3760/cma.j.cn121381-201811039-00002
mailto:fjing_h@163.com

144 [ BRI A E 27 2020 4E 3 45 44 5455 3 Int J Radiat Med Nucl Med, March 2020, Vol.44, No.3

received IMRT were enrolled in this study from January 2013 to January 2016. The patients were
divided into bone marrow sparing—intensity-modulated radiotherapy (BMS-IMRT)[56 cases (including
31 patients who received radiotherapy alone and 25 patients who received concurrent radiotherapy and
chemotherapy), aged (43.03 £ 4.49) years] and IMRT (53 cases (including 21 patients who received
radiotherapy alone and 32 patients who received concurrent radiotherapy and chemotherapy), aged
(42.72+5.23) years) groups. The bone marrows from the patients in both groups were delineated on the
planning system, including bone marrows from the lumbosacral vertebra, iliac bone, ischium, pubic
bone, and proximal femur. The dose of bone marrow was limited in the BMS-IMRT group only. The
relationship of dose distribution in the target area of the treatment plan, irradiation volume and dose of
bone marrow, the irradiation volume of bone marrow and the bone marrow suppression during
radiotherapy between two groups were observed. Measurement data, such as planned target volume
dosimetry and the dose-volume parameters of organ at risk, were expressed as mean + standard
deviation. All data conformed to a normal distribution. The comparison between the groups was
performed using #-test. Chi-square test was applied to the comparison of the groups in terms of
counting data, such as the comparison of bone marrow suppression, leukocyte and neutrophil reduction,
and other adverse reactions. Results The degree of bone marrow suppression was significantly
related to irradiation volume and dose. No significant difference in PTV dosimetry was found between
the BMS-IMRT and IMRT groups (=—4.220—-2.923, all P >0.05). Significant differences in the V,,
(the volume percentage of the total volume=20 Gy) and V,, (the volume percentage of the total
volume=40 Gy) of bone marrow, Vs (the volume percentage of the total volume=45 Gy) and D,
(approximate maximum dose) of the rectum, and D,., of the small intestine were found between the
groups (=—12.696—-2.917, all P<0.05). Significant differences of hemamebas and neutrophils reduced
between two groups (’=6.728, 6.813, P=0.035, 0.033). No significant differences in red blood cell and
hemoglobin levels were found between the groups (y’=0.385, 0.006, 1.419, P=0.825, 0.938, 0.492). In
patients that underwent radiotherapy alone, difference in the degree of reduction in leukocyte level
between the two groups was statistically significant (x°’=9.709, P=0.008). By contrast, no significant
difference was found in patients that underwent concurrent radiochemotherapy (y°*=0.073, P=0.786),
and the degree of neutrophil decrease was not statistically significant between the two groups
(=4.171, 1.523, P=0.093, 0.217). Moreover, differences in other adverse reactions between the
two groups were nonsignificant (y’=0.369, 1.845, 1.158, 0.610, P=0.544, 0.398, 0.560, 0.558).
Conclusions Reduction in leukocyte and neutrophil levels during pelvic IMRT after radical operation
for cervical cancer is positively correlated with bone marrow irradiation dose and volume. Bone
marrows within the irradiation range should be outlined, including those in the lumbosacral vertebrae,
iliac bones, ischium, pubic bone, and proximal femur, and should be protected by limiting irradiation
dose.
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K Hi a7 2% Philips 2 7] /) Big Bore 4D CT #47
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WM, 38 THRT, AR T A [
Eo 2 HABEYIRA CT BHUENMLEN, Hikid:
SR 5 YL 5 3 I 2 B0 A6 BR A ) ) 50 mL/m’
JEEAT CT 35 . FHREH A5 3 M L& %
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2R S mm, HE R G LR P AR EE R
B2 EYF R G505 F] CMS-Xio4.40 HE ML T IR
X7
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i LV 2 T 2H 21 3 [ bR T VR 4 ) g
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Vys: =45 Gy W SRR E 40 ). [F AT
FRYIR A 25 mg/m®, BERE 1R, 2 AEEA)
W, SRR R s BkE AR
‘B EBt, JLHE NPTV EF4% 2 cm; BMS-IMRT 4
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Table 1 General information of two groups of postoperative radiotherapy for cervical cancer patients

15 () KPS S (f1) \fpﬁiﬂ%ﬁ-(% ) ?Tﬁ%\‘ﬁ?ﬁ(fﬁu‘)
1134 B Jid By T e ¢ a g
BMS-IMRT# (n=56)  43.03+4.49 86.96+4.64 32 48 8 31 25
IMRT#!(n=53) 42724523 86.79+4.71 28 47 6 21 32
SEA[E] =0.342 =0.192 1=0.204 2=0.213 27=0.375
Pl 0.991 0.703 0.702 0.777 0.550

R, BMS-IMRTAL: XSG THREMTESREYTA ; IMRTAL: AXTEBEIEA TR E RGO 4L ; KPS: Karnofsky DIRERASPE M HrifE
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Dyeans BEE Sk Vige Vagu Vio(Vig: =10 Gy
M BRI E 2, Dpean: “FXI5IE ), MLIRF K
HABA BBV bR i CTCAE P FRIED, 1L
WA BV AR PR AL AT WBC ., Hh ks 40 i
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L7 BeiteEdrik
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2.1 PRS- AR OL

BMS-IMRT 4 5 IMRT 41 & #i 9 A J5 il J7
BER PTV Al i, ZRBILgit#a X
(:=—4.220~2.923, ] P>0.05), 2 41f4 CI F1 HI 2 |f]
P, 223 IEgi2 e L (=0.413, 0221, P=
0.068. 0.064)(F 2),
22 feledwE R S AR

BMS-IMRT 4 5 IMRT 4 ‘& 86 ( V, [ 5L,
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Table 2 Dosimetry comparison of planning target volume between two groups of postoperative radiotherapy for cervical cancer patients (x+s)

PTV

A Vigow(em’) Voo, (em®)  Viggo,(cm’) Dy, (Gy) Dygo,(Gy) Dso0,(Gy) “ M
BMS-IMRTZ (n=56)  95.76+0.37 99.43£022  12.14+2.22 48.32+0.87 43.46+1.23 46.62+1.23 0.77+0.36  0.104+0.183
IMRTZH (n=53) 95.7840.36  99.59+0.18  10.81£2.55 48.70+0.88 43.86+1.19 46.80+1.46 0.89+0.86  0.103+0.023

H —0.280 —4.220 2.923 —2.304 —1.745 —0.697 0.413 0.221

PlE 0.732 0.101 0.275 0.109 0.950 0.138 0.068 0.064

E: #P, PTV: iHRIFLIAT; BMS-IMRT 4: & #EEAT IR AOJRBRACT4 s IMRT 4. RIS EREIEATER AR BT A s Vigew:
100% 751 1 {2 42 &5 AR T Vogop: 93% 0ot TR I AL 5 HEARTR S Vigpee: 107% FI IR A3 AUSEIATR Dowye IEBIERIH
5 Dogy,: TR/ Dsgo,: JTRITIRIE: CL: SIEEAEEG HI: 50
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1 Vag. Vo LU, ZRA G E L (=12.696.
—5.844, P=0.020. 0.019); 241 E M Vis. Dy, M
/N Dy, L3, 22 R A G1T 22 B X (=1.103,
2917, 1.103, P=0.002, 0.026. 0.001); HAthfs
wE R R ERRS N2 R TG FE X
(=-2.767~0.218, #J] P>0.05)(5 3),
2.3 HHENHIE &

M6 3 TN 4 nIT, 2 s SRR S 0T R
(1) WBC Bz H P 20 sl 72 B 5 1 RESS 51 2 R0
AFLEIEAI X, BMS-IMRT 41 5 IMRT 41 WBC }
TR DR B, ER A SR X

( =6.728. 6.813, P=0.035. 0.033), 24 Ifii />
M. RBC MIMZLEHMB/CRE K, ZRTI5%

R3 2HAEBRAGIUTBE GG E RS EOT
L (2+5)

Table 3 Comparison of dose-volume parameters of organ at

risk between two groups of postoperative radiotherapy for

cervical cancer patients (¥+s)

BMS-IMRT#{ IMRT#H
& B As e el Pl
(n=56) (n=53)
i
Vio(%) 86.38+3.48 86.32+3.39 0.096 0918
Vao(%) 65.79+5.14 76.48+3.44  —12.696 0.020
Vio(%) 22.70+1.80 25.8443.57 -5.844  0.019
H
Vis(%) 10.73+3.99 10.00+2.74 1.103  0.002
Dy, (Gy) 46.88+1.23 46.27+0.93 2917 0.026
Diean(Gy)  35.14+1.93 35.2242.11 -0.218 0.533
N7
Vio(%) 13.28+2.17 13.98+2.59 -1.535 0.077
Dy, (Gy) 46.15+0.66 45.98+0.95 1.103  0.001
Dean(Gy)  27.56+1.03 27.79+1.14 -1.071 0.150
% e
Vis(%) 55.49+1.82 56.51+2.02 -2.767 0.558
Dy, (Gy) 48.11£1.22 48.17£1.33 -0.234 0.428
Dinean(Gy)  42.74+1.00 42.94+0.85 -1.113  0.160
IiEESS
Vio(%) 98.93+0.77 99.11+0.64 -1.383  0.126
V(%) 94.2742.16 94.64+2.19 -0.902 0.767
V(%) 7.0242.06 7.54+2.77 -1.112 0539

. R, BMS-IMRT 4. X-E 8847 BR fE 0% I8 38507 40
IMRT 41 : AN EAEHEAT IR BRI T AL Vy: =10 Gy 1
T ST s Vag: =20 Gy RF 5 BRI 43 1L 5
Vyo: =40 Gy AU SRR E 43 LG s Vas: =45 Gy K]
SUAFUE 53 s Dyy,: R Dyean: “FHEIRIE

AR (G 4)0 X TATHRaiyy s, 2411
WBC /R AL, 227 A G A R (=9.709,
P=0.008), 1 TA7 [ 2 BTy 19 6, 2 ALKy
WBC /PR AR, 2257 0 AR X (=0.073,
P=0.786), IR A L (9 R BE TE R SR 1A T L A
O AT R A T BB T, 2 HZ 255
WGt AR (R 5, £ 6),

2.4 HAbA RN
BMS-IMRT 41 5 IMRT 41 £ 3 1 ) 380 MK
kRS PRERITSAERL A KON DAY

i, ZFBHGAE L GRT),

F4 2 WEBUEASERT LA E RN R R LR (F], %)
Table 4 Comparison of bone marrow suppression between two

groups of postoperative radiotherapy for cervical cancer patients

(case, %)
215 MM kg MR 240 mersEe
BMS-IMRT#H
(n=56)
0 3(5.36) 2(3.57)  15(26.79) 26(46.43) 5(8.93)

[~T)% 49(87.50) 50(89.29) 39(69.64) 30(53.57) 50(89.29)

M~V 4(7.14) 4(7.14)  2(3.57) 0(0) 1(1.79)
IMRT#L
(n=53)
0% 0(0) 0(0) 17(32.08) 25(47.17) 3(5.66)

[~ E 42(79.25) 41(77.36) 34(64.15) 28(52.83) 50(94.34)
M~V 11(20.75) 12(22.64)  2(3.77)  0(0) 0(0)

1 6.728 6.813 0.385  0.006 1.419

PfH 0.035 0.033 0.825 0938  0.492
. Erh, BMS-IMRT 4. xf 88847 MR & 09 98 s iloT 46
IMRT 41: ARXEBEEA T IR L 8 5T 21

®/S 2 HEBIEABYT SR 7R P A R
MR, %)

Table 5 Comparison of the degree of leukocyte reduction

between the two groups of postoperative radiotherapy for cervical

cancer patients (case, %)

AT [ by
F2EF  BMS-IMRT4l IMRT4] BMS-IMRT4l IMRTZ]
(n=31) (n=21) (n=25) (n=32)

0 3(9.68) 0(0) 0(0) 0(0)
I~ 28(90.32) 16(76.19)  21(84.00) 26(81.25)
M~V 0(0) 5(23.81)  4(16.00) 6(18.75)

Pl 9.709 0.073

PE 0.008 0.786

H: Eh, BMS-IMRT 41 X fE 17 BR i 7% 08 5 il g7 41 5
IMRT 2H: AN EHEEA T R B 0 IR 3 iy 7 4
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®o 2 AHBUEASGHOT SR AST 8 8 Pk 2
WO REEE I LR (], %)
Table 6 Comparison of the degree of neutrophil reduction

between the two groups (case, %)

AT [F 2T T
fEE BMS-IMRT#4 IMRT#4] BMS-IMRTZ IMRT#
(n=31) (n=21) (n=25) (n=32)

0fF 2(6.45) 0(0) 0(0) 0(0)
I~TRE 28(90.32) 17(80.95)  22(88.00)  24(75.00)
M~V 3Z 1(3.23) 4(19.05) 3(12.00) 8(25.00)
PaL:! 4741 1.523
PE 0.093 0.217

. Frp, BMS-IMRT 4. b & 86k 47 B A% I8 3 iy 4
IMRT 2H: X EHEEA T PR & ) R 7

RT 2HEBRAFHT B IHAA RS AL, %)
Table 7 Comparison of other adverse reactions between two

groups of postoperative radiotherapy for cervical cancer patients

(case, %)
415 RN T JEs JR 2 PRAR RS
BMS-IMRT%]
(n=56)
(0)5°3 40(71.43)  5(8.93) 3(5.36)  48(85.71)
I~1 3% 16(28.57) 46(82.14) 51(91.07)  8(14.29)
M~V 0(0) 5(8.93) 2(3.57) 0(0)
IMRT4 (n=53)
0 35(66.04)  2(3.77) 1(1.89)  48(90.57)
I~ 5 18(33.96) 48(90.57) 49(92.45)  5(9.43)
M~V & 0(0) 3(5.66) 3(5.66) 0(0)
pal:} 0.369 1.845 1.158 0.610
PlH 0.544 0.398 0.560 0.558

. £, BMS-IMRT 4. X 62817 PR & 09 8 58 507 4
IMRT 4 : ARXFEBEHEAT B 5 00 I 5 T 41

3 itig

B U T IR R R, R R
LIZAF LIPS, R R PR B R AR
i ar. HArFARGT RO SR R TR
AR AT 7 228 G IR 7 LA 00 St
H ARSI R 75%" T ARJF BT
TEB Y 28O R ks i 1 B A A e A 3 ™
FRR T T EL 1 A A AT AE S SR I A
G, Wit —PATImRAL TR, RS PR AE G,
BICAITRISERIGYT, BN PR NI, &
B AT 7 RE AU St 1 oAk PR o i
kA B SRR O A 5 HE(R T 2 2=

BB, M2 —2 EAT s v B e T
o N NIEH 0 VBTt ol g N S | SR £ T
SYEEIE IMRT $7 AR 0] i K FR 2 i £l 5 28 5] 15
PTV X3, e/ G KA B AR BN 7 A B
AU I HA B A% £ = IR 1 )R 3 4
U HETEIR TAEP 2R IMRT £2AR, {HA
B BEVEAT R . AR i X B A B
P U S Nt ichi e i N (1] S I =R
PO & A R e B BRI R RE, EfkY T RE
BEIFIEA T o

AHFFEILGIA 109 ' S AR S5 O 8RR S5 7]
ARTT R, A i XN B RS A TR
KL BE A FEAR B BEM I 0 & A%, S5 RMW,
BMS-IMRT 44 fl IMRT 4 AYFEIXFI 4345 . CI, HI
Z IS TG 4 2 HfE T
BEZ I Voo Vg ZIMZEFAGIEE XL, BR
2 EM Vs Doy, M/ Doy, Z I 22 57 58
THEE S, H 2 HEAFIEARL, XTEM /NP
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