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Ultrasound Imaging is Used in Animal Experiments to Assess the Response

of Rat Epithelial Ovarian Cancer to Docetaxel at an Early Stage*
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ABSTRACT Objective: To explore the feasibility of ultrasound imaging for early assessment of rat epithelial ovarian cancer
response to docetaxel. Methods: Epithelial ovarian carcinoma (EOC) in situ was induced in Sprague Dawley rats using 7,12-dimethylbenzo
[a]anthracene. Rats with EOC were screened and treated with docetaxel (DXT) on day 0. CEUS is applied on days 0, 3, 7, 14 and 21 to
assess early response to treatment. On day 21, the tumor type treated is divided into sensitive and insensitive groups according to changes
in their size, and histopathological analysis is performed. Results: The percentage change in rise time (RT), peak intensity (PI), and area
under the curve (AUC) since day 3 was significantly different from the tumor size on day 14 (P<<0.05). In the early stages of treatment
(day 3), the sensitivity and specificity of the percentage change in the combination of RT and PI were 100 % and 100%, respectively,
with a cut-off value of 17.59 % reduced with RT versus PI. From day 7 onwards, there was a significant difference in the percentage
change in the quantitative index of angiogenesis in the sensitive group compared to the insensitive group(P<<0.05). Percentage changes in
RT, PI, and AUC were positively correlated with the percentage change in tumor size and angiogenesis, and negatively associated with
the percentage change in necrosis (P <<0.05). Conclusion: CEUS parameters are superior to imaging tumor size in detecting tumor
histopathological response, which has a significant advantage in early assessment of response to DXT in EOC. In the clinic, CEUS
parameter detection may help to evaluate and adjust the treatment plan of non-responders more quickly and improve their prognosis in
the process of EOC progression or treatment, so it has important application value in the process of EOC.
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1.1 BRI Fn o348

L 160 H bl Sprague-Dawley K FR.(8 J&i#%, 150-200 g; |
WIS IE 0 ) e TR ALK B EOC, MR T
IKHNEY), FFEZARIREE (252 1 °C)FIAHXIEEE (40-60 % ) 451
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FHorpr 24 HORBRBEALS BCENHTT LA BRAL . 2% Ghas-
samil "SR5, IR YT 2 T R FRTESS 0 K32 12 mg/kg DXT,
FA REAEIBYT RS 0.3.7 .14 F1 21 RH%E3Z CEUS 134,

16 DXT {97 4 21 K 5 84 EOCs YR BT MU 2H
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Table 1 Number of epithelial ovarian cancer rats in different groups and at different time points after treatment[Nsurvivors (Ndeaths by EOC)]

Groups Day 0 Day 3 Day 7 Day 14 Day 21
Treatment group 56
Sensitive group 35(0) 35(8) 27(8) 19(10) 9(9)
Insensitive group 21(0) 21(4) 17(6) 11(5) 6(6)
Control group 45(10) 35(8) 27(9) 18(10) 8(8)
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KEURIET 2R H/NSh IR AL, 31 LA 2.5 %5t Silbe S A
(2 L/min) AT REE . K BOFRM B T+ 37 CHE AR L, #REZ 50
BTN K R SRR LA IE B0, SRR e Bk T Bor 4%
S A EFE S S B REA L R S R h RRRE E . BRSEOR
PR AR 14 MHz, TR 30 %, 3 5 30 dB, HLIRTE %K 0.08,
WREE 1 em, W R shAVEE 65 dB, B efE —4ERIUT WAL R 5L
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o, B A SR, s R e B SR R E
R SRR A IS R R .
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W (ROD) & ARSI L, 5% N B3 (Q-analizs ) [ 3l 3K L
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Table 2 Effect of DXT on tumor size of EOC in rats tumor size (MRI method)
Groups Day 0 Day 3 Day 7 Day 14 Day 21
Sensitive group 24.17+ 5.36 24.11% 5.40 23.66+ 4.72 19.83+ 3.94%* 17.10% 3.73*
Insensitive group 25.01% 5.52 2487+ 4.08 24.96% 3.59 25.13+ 4.14 25.20% 4.01
Control group 26.08+ 5.14 25.73+ 5.06 26.94+ 4.51 29.12+ 3.18 30.07+ 3.06
Note: compared with the control group, *P<0.05; compared with the insensitive group, “P<0.05.
&3 AEIEE S BB ELE(%)
Table 3 Change rate of tumor size at different time points (%)
Groups Day 3 Day 7 Day 14 Day 21
Sensitive group -2.17+ 5.35 -4.82+ 5.14* -10.90% 3.05** -30.46x 3.05*
Insensitive group 4.09% 6.69 5.53+ 4.77 5.44%+ 2.95 20.58+ 4.24
Control group 8.53+ 4.33 14.77+ 5.63 22.41+ 8.26 37.49% 9.64

Note: compared with the control group, *P<0.05; compared with the insensitive group, “P<0.05.

B 1 S (B)MAEREA(A )RR CEUS B
Fig.1 Representative CEUS images of the sensitive group (B) and the insensitive group (A)
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Table 4 Changes of CEcontrast parameters at different time points (%)

Time Groups A %RT A %PI A %AUC

Sensitive group -20.55+ 2.40%* -22.44% 5.65% -17.83+ 4.28*

Day 3 Insensitive group -3.28+ 4.28 -0.51% 5.50 -1.56x 2.55
Control group 6.75+ 1.70 9.06+ 7.42 5.08% 3.61
Sensitive group -29.19+ 1.92% -23.39+ 4.04** -29.11% 1.93*
Day 7 Insensitive group -1.56% 4.53 -5.57+ 3.57 -2.93+ 5.64
Control group 9.87+ 1.55 9.51+ 17.05 7.40+ 3.31
Sensitive group -34.04+ 3.05* -32.88+ 5.36% -33.32+ 5.71%
Day 14 Insensitive group 1.80% 5.46 -2.73+ 5.81 -1.65% 4.35
Control group 13.05+ 1.19 15.89+ 7.15 12.47+ 4.68
Sensitive group -33.80+ 4.44%* -32.85+ 7.27% 233,17+ 6.47%
Day 21 Insensitive group 3.48+ 6.44 4.48+ 9.93 0.34% 8.70
Control group 15.14% 1.26 18.92+ 8.36 11.32+ 4.62

Note: compared with the control group, *P<0.05; compared with the insensitive group, “P<0.05.

® 5 AEREAE MVD 1 VEGF Riksk E K (%)
Table 5 Changes in MVD and VEGF expression levels at different time points (%)

Time Groups A %MVD A %VEGF
Sensitive group -7.70% 6.73 -16.62+ 15.82
Day 3 Insensitive group -0.32+ 2.54 -2.03+ 9.97
Control group 4.09+ 9.21 5.99+ 30.07
Sensitive group -25.82+ 4.03* -36.59+ 11.00**
Day 7 Insensitive group -1.03+ 7.66 -3.08%+ 2.42
Control group 9.27+ 9.89 13.76x 13.79
Sensitive group -26.34+ 4.10%* -39.84+ 7.50*
Day 14 Insensitive group -4.64% 2.66 -1.76+ 8.33
Control group 12.87+ 9.41 17.71% 17.87
Sensitive group -30.84% 5.05* -40.20+ 9.88**
Day 21 Insensitive group -1.27+ 3.35 -3.13%+ 5.18
Control group 17.02+ 8.64 17.93+ 15.32
Note: compared with the control group, *P<0.05; compared with the insensitive group, “P<0.05.
& 6 AEIRT A S BhEIRTE R AL (%)
Table 6 Changes in tumor necrosis at different time points (%)

Groups Day 3 Day 7 Day 14 Day 21
Sensitive group 75.98% 36.30 90.21% 24.05 177.58% 45.00* 274.26x 20.62%
Insensitive group 12.95+ 21.83 27.81% 15.42 43.67+ 10.47 48.78+ 20.09

Control group 16.46x 24.71 22.60+ 16.04 29.81+ 16.18 40.80+ 19.99

Note: compared with the control group, *P<0.05; compared with the insensitive group, “P<0.05.

AWFFERYT, AEHE 3 KA 21 K22 [0], HAHURLL A ]
YA HL, DXT Ui iy RT PLFT AUC 28461 45 L 3558
SR, ELRER 14 Kal 21 RA WML R XL SRR 2557 1k
TSR R (55 3 X),RT 5 PLALG A H 43 H AR Ak ) SRR

PEREES PSS 100 % (AT FHFAG X DXT 9 50, f# F RT
HPLYg/D 17.59 %l 118, BAHA - 5 5l g CEUS S4HH,
CEUS 25U E 43 HLAS A 7 A6 A1 3h 0 % Ak 37 26 0 B4 v e
SN 5 T S A A8, PRI T A Sy 0 g e A 2 o A f A
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Table 7 Correlation analysis
Tumor A %RT A %PI A %AUC

characteristics r P P r P
A Y%diameter 0.735 <<0.001 0.589 <<0.001 0.410 <<0.001
A %MVD 0.748 <<0.001 0.450 0.001 0.638 <<0.001
A %VEGF 0.728 <0.001 0.386 0.005 0.639 <0.001
4 Vapercentage of -0.554 <0.001 -0.524 <0.001 -0.411 0.001

necrosis

HRAE RECIST 454 Fa 30728 Fiv g /N J2 Ak i X £k 97 1
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FEIEAHSE, 1 PL{AS MVD 636, MR4E Yuan %5 AR —ITHF
5%, SR I A AN B 9 RT {E7E VEGF189 i1 3%
KRS R R R, AR AR — 2.

ARG A LURELE AT R AR 14 KilS, 5ANUK
ZH X HRALAE L, BUBRGH IR FE T B B, 3X 5 CEUS 240
S HTES SRR KR (AR AR . AR IS RIL K RT,
PI fil AUC {4 %754k 5 MVD il VEGF (73846 5 IE A, B -
XL B Bl SR Ak AT LG A1 M S WA N i 98 A s s 0 1Y)
ik, WA, RT .PLAI AUC I E 4 bR L5 IR FE 2R 2 1E A
5%, BLHA : CEUS S0 A6 1T REAT BT 10000 s 41 2 2
S W DXT 3897 A &t o SR, A9t A Jm B .
i, CEUS Fifi & A= B3 A 04T K0, i 5 16 % 4 4158
SR I A AR SRR, AN, AR ST RERZ MR TR I 45 A
LR AR E PP

M2, ARHFITRYLE R F W, CEUS S 57E A6 I i 21 41
P2 0 TR T UG M Ko, HAE BSR4 EOC At
DXT [ HA B IL s, MiTeilf R , CEUS S50 nT #g
A B F7E EOC dE A7l feh, S HR b Ak 8 2 T8 R
HRNRAIT T I EGE TS , e B S .
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