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Dosimetric advantages of MRI image-guided non-coplanar intensity-modulated radiotherapy in

active bone marrow sparing for patients with cervical cancer

LI Ping', ZHANG Shuxu?, YANG Lu?, ZENG Qingxing', LIN Xiaohui', ZHANG Guogqian®
1. Graduate School, Guangzhou Medical University, Guangzhou 510182, China; 2. Radiotherapy Center, Cancer Center of Guangzhou
Medical University, Guangzhou 510095, China

Abstract: Objective To investigate the dosimetric characteristics and advantages of non-coplanar intensity-modulated radiotherapy
(NC-IMRT) guided by magnetic resonance imaging (MRI) in the bone marrow sparing for cervical cancer patients. Methods A
total of twenty patients with cervical cancer scheduled for radiotherapy were enrolled. Two different plans, namely 9-field coplanar
IMRT plan and NC-IMRT plan including 7 coplanar fields and 2 non-coplanar fields, were designed based on the active pelvic
bone marrow segmented in MRI images. Both plans adopted the same target upper and lower bounds, limit doses to organs-at-risk,
weighting factors and calculation grids, and the same normalization condition that 95% of planning target volume received the
prescription dose was applied for evaluation. The differences in dosimetric parameters of target areas and organs-at-risk such as
exposure dose, volume, conformity index and homogeneity index were compared between two groups. Results The active bone
marrow volume segmented in MRI images was (219.38+9.73) cm®, 63.4% less than the volume of the pelvis segmented in
positioning CT images which was (600.32+6.88) cm®, with statistical significance (P<0.05). The conformity index of planning
target volume in NC-IMRT group was superior to that in IMRT group. The low-dose radiation region (V,, and V,,) and high-dose
Vi Voo Vi, V,, 0f the left femoral head
V> V,, of the right femoral head in NC-IMRT group were significantly reduced, with statistical differences

radiation region (V,, and V) of the active bone marrow of the pelvis as well as the D,
andthe D, ., D

(P<0.05). There was no significant difference in the doses to rectum and small intestine between two groups (P>0.05). Conclusion
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With guaranteed clinical target doses for cervical cancer patients, NC-IMRT based on active bone marrow segmentation in MRI
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images is advantageous over coplanar IMRT in the sparing of the active bone marrow of the pelvis.

Keywords: cervical cancer; radical radiotherapy; bone marrow sparing; non-coplanar intensity-modulated radiotherapy;

coplanar intensity-modulated radiotherapy
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JHMRI T, Wi 77 51) 145000 o 425 16 7% i i, 53 901)
i 52 H B 9 B L i IMRT 3 %1 A1 9 B JF L f IMRT
(NC-IMRT) 31X (H: # NC-IMRT 1 %) 43, 45% 7 4~ 3 1
BFA 2 AN AR S B ), oA 2 bR O S AR B S 4
i B B R T ) 3R 2 25 S DU O S0 T
HHE R P I I S KR .

1 ARG FHZE
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TEHE 20 1915 S ARG AR T R L AR 37~54 %,
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Fig.1 Examples of active bone marrow segmentations in CT and
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MRI images
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H [l REEA= AT iR 558 (Pinnacle V9.10)
ARG DG S A - R S 2R R X (Gross
Target Volume, GTV) ; ¥ % (1) bk [ &5 #2 X (Lymph
Node Gross Tumor Volume, GTV,,) ; #% &L F&7b H5 I
PAFL B ETIbR O 5 | X B By 5% B3E b 1/3 R sk # X
(Clinical Target Volume, CTV) ; it %1 #! X (Planning
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Jilo IFg T R i 5 A R R B (Active Bone
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2.1 EIXRHFIEFILE
20 1] 2% IMRT F1 NC-IMRT 3 %]+, GTV,, Y
D e 73 51 47 (6 284.0£9.3) 1 (6 375.2+10.4) Gy, D

max

43920 (6 294.4+98.3) F1(6 386.0£87.5) Gy, CTV )
D, .. 3 M4 (5 360.1£159.0) F1 (5 400.2+234.7) Gy,
D,.. 704 (6 367.5£231.5) Fl1(6 378.7£147.5) Gy, %
S IG T E X (P>0.05) . % THIX GTV,, /) CI
FUHL, AR TC I & 22 5 (P>0.05) ; PTV L IX. CI7E
NC-IMRT 3 %] 7§ £ T IMRT 3151, 17 HI 0 AS J%
IMRTZ (% 1),

#1 IMRT FINC-IMRT 3 X AU#EX FI B2 L (& £ 5)
Tab.1 Dosimetric comparison of target areas between intensity—
modulated radiotherapy (IMRT) and non—coplanar IMRT
(NC-IMRT) plans (Mean+SD)

X 34 IMRT NC-IMRT tH P1i

GTV 4 CI 0.74+0.04 0.68+0.03 1.471 0.410

HI 1.01£0.02 1.01+0.02 2.210 0.311

PTV CI 0.66+0.14 0.72+0.58 -3.474 0.004

HI 1.09+0.01 1.19+0.01 -2.557 0.015

22 BHAEMEBFEFHE

X 20 151 Ey 2509 AR PR 0T R E AL CT Bl&
HEAT B AL AN e B A, T AR B AR Vg R
(600.32+6.88) cm’, [A] i | A & & T, W1 #1ll il /57 %71
MRI EIG AT A 2500 P i 04 ) i, B 45 7
$7(219.38+9.73) cm®, 7E IMRT i1 %1 1 NC-IMRT i}
RIW R IR TR BM, o B 532 B3 & D, 20 51 h
(3 679.6+265.0) F1(3 466.4+255.1) Gy, AHXfF IMRT
TH4l, NC-IMRT %] 58 RL B AR B8 Voo Vo Voo
Vo, Z A G L (P<0.05), L3 2,

%2 IMRT FAINC-IMRT X BHEFI EF LR (%, = 5)

Tab.2 Dosimetric comparison of pelvic bone marrow between IMRT and NC-IMRT plans (%, Mean+SD)

B 2 BRAGR = A X B Z5 1 e ) R A X
i p ey
VlO VZO V30 V40 VSO
IMRT 99.26+1.02 93.80+4.21 77.90+7.55 46.84+12.06 5.02+2.88
NC-IMRT 89.90+2.40 76.37+3.52 69.42+9.37 35.49+10.65 2.01+1.14
t{H 6.776 3.272 0.486 5.983 4.081
P 0.000 0.006 0.643 0.011 0.003
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P 2 BEICT Ho e 1 61 FR A SU B i 3k i DVH &
HEAT HEAE , NC-IMRT T30 45 RS AR T 80 i 13k 1)
Z AR, 20 6] 2 F P, IMRT A1 NC-IMRT 3151 4

M % B Sk OF 34 D, 23 51 8 (2999341199 )
(2 596.4+235.5) Gy, i D, .. FUH K22 54 19.8%,
£ S H G B X (P<0.05) ; 45 0 i Sk IMRT Al
NC-IMRT %I D, .. 23500 (2 912.4+146.5) F1(2 549.8+
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Fig.2 Dose—volume histogram comparison of bilateral femoral heads between IMRT and NC-IMRT plans

226.2) Gy, 1 D, I K25 58 35.0%, 2 F A4t
T8 L (P<0.05) o UM AEE 3k 19 Vig. Vo Vi
V,, W3 3 Fi s, 45 3 /R NC-IMRT HH-RIER T 4
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Tab.3 Comparison of doses to bilateral femoral heads between IMRT and NC-IMRT plans

f& B B TR D, /<Gy D, /cGy V,o/% V,o/% V% V%
i UlISESS IMRT 2999.3+119.9 5251.44232.8 93.8+12.6 81.1+12.1 36.7+1.9 18.542.9
NC-IMRT  2596.4+235.5 5073.9+268.6  83.2+23.1 67.1£11.9 31.245.5 13.9+2.7
i 3.411 1.120 2.887 228 0.132 3.551
P1H 0.012 0.300 0.043 0.037 0.021 0.003
A Ak IMRT 2912.4+146.5 5175.2+118.8 97.7+1.6 71.7+6.5 28.8+3.5 6.742.4
NC-IMRT 2 549.84226.2 4 790.9+279.3 93.5+4.2 60.5+9.6 25.6+4.2 53423
i 3.800 4357 2.634 2.721 1.612 1.264
P{E 0.000 0.002 0.031 0.017 0.125 0.219
BB L NI A G MR B RS2 R B RN 4 ORI AR R UL T R, B R R RO TAE R

Jt 78 o NC-IMRT 3 %] 38 2> 1 J§% bk 19 D, F1 V,
(P<0.05) ; X F/Ng it —a B LA T i, 1
CHEFBA G X (P>0.05) .
2.5 HEEBkELL %

IMRT FI NC-IMRT 1] i) “F- 24 b1 8k 55 o 531 oy
793+84 1 766+112 (P>0.05) , NC-IMRT £ K % 45 #
A IALAR B AL

33T ig

Y STV R AR TE L R R R A T L
A, S R T G R 2017 4 3
S DM 2 05 5 KR 5% U A S
0.6%(1/161) , FH/NT 49 295 A 29 4 0.3%(1/371)

617 X g A (TIB A LA b ) By 00 A8 3 3 R
25 Ay o X FAHRIAPE BT M S L O T A IR
XA B YR i8R GTV 45528 60 Gy, CTV
4 50.4 Gy, ZEA-IE IR AR HT DX i 771 4 1 ) A, 408 X i
()4 B A LR B I B At AN AT sk A 7 R, R
SEE A ERE IR L 3~4 G A AN BN (45
Af$%ﬁ%&%§¥ﬁ*ﬁ7%%mﬂ%%%ﬁ
Joi o HNRT A A5 A AT, 235 M 1 1) 37 BRAR BRI 2, DA
T 548 A 1 0 0 ) ) R R 2 A S 8k 24 R R B A
G
BRI Y SR IR AR 1/2
BRGEE RSO THE S R B s A IR
38 A CT AN AR DA X B A N T P RN 1 o B
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Tab.4 Comparison of the dose—volume parameters of organs—at-risk between IMRT and NC-IMRT plans

& KA E B IMRT NC-IMRT t{E PiH
B e D,../cGy 5990.3+269.2 5616.4£319.8 2.457 0.031
D, /Gy 4 860.3+376.1 4513.1+541.8 0.913 0.413

V% 98.7+2.1 92.3+5.2 2.557 0.040

V,o/% 83.5£11.9 89.2+14.5 -0.684 0.523

V% 56.6+9.6 48.6+10.4 1.541 0.152

H% D,,./cGy 5573.8+311.7 5445.7+188.2 0.489 0.651
D, ../cGy 4702.7+188.2 4343.6+329.8 0.874 0.430

V% 99.3+0.9 94.5+4.6 1.785 0.211

V5% 76.3+11.7 52.147.3 3.052 0.040

W D,../cGy 5418.3£338.2 5425.1£335.0 -0.258 0.976
D, /Gy 3253.2+503.6 3334.6£612.9 -0.182 0.861

V% 70.3+27.5 70.12+21.5 0.100 0.987

V% 13.9+9.4 15.3+8.3 -0.350 0.741
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RS AT IEA B GARBUIN SO IMATFR 15 1151
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{E 224 (R YA 20500 1 o B A X A /D R, MIRT ) B
JEAS K SPECT M PET-CT'™**', T H i SPECT Fr
M2 ER  TembriC BRI I RN, FH LA B
B R AT REZIRYG . T PET-CT Mk 5 5%, %8 2
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PRI A — 2B R PET-CT 7636 1 B BE IR 5 7
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e S B AR © )z B T o 0 R T
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PRITZ A ARAE R G S A5 B 7 1 R st 2 A 35 o
I8 KB, X F IMRT 3151, NC-IMRT 151 A S B A%
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B BEAK, /0 1) 32 JE ) 54 IMRT 14 g A 7
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o 1 PN P o AL 200 A 224 R R ) e O
3 AT 403 A0 3 I T AR L A N A i R
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YRR RS o A U 5638 o MRT 48 520 1) 3% P

i, DA A1 RS A A B AT SRS T B A
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Fig.3 Images of coplanar field and non—coplanar field
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