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Feasibility study of quantitative MRI in predicting molecular subtypes and prognosis of stage I ~IIl breast cancer
ZHOU Zhe, JIN Yuan, WANG Wei-wei, SUN Zhan-guo
(Affiliated Hospital of Jining Medical University, Jining Shandong 272029, China)

Abstract: Objective: To explore the feasibility and value of intravoxel incoherent motion(IVIM) and dynamic contrast en-
hanced MRI(DCE-MRI) in evaluating molecular subtypes and prognosis of stage I ~Ill breast cancer. Methods: From January
2020 to March 2022, data of 144 patients with breast cancer confirmed by surgical pathology in the Affiliated Hospital of
Jining Medical University were retrospectively analyzed. All patients received IVIM and DCE-MRI scans, and the quantitative
parameters of [VIM(true diffusion coefficient(D), pseudo diffusion coeffificient(D*), perfusion fraction(f)) and the quantitative pa-
rameters of DCE-MRI (volume tansfer constant (K™), rate constant (Kep), extracellular extravascular volume fraction (Ve)) were
measured. Independent risk factors for predicting molecular subtypes and prognosis were screened using logistic regression and
the predictive models were built. The receiver operator characteristic (ROC) curves were drawn to evaluate the diagnostic effi-
ciency of models, and Delong test was used to compare area under the ROC curve (AUC). Results: Logistic regression results
showed that D, K™ and Ve were independent risk factors for Luminal and triple-negative types, respectively(P=0.003, <0.001,
0.002; P=0.027, 0.002, <0.001). D+K"™+Ve showed the best prediction for Lunimal (AUC=0.883) and triple-negative subtypes
(AUC=0.850). Meanwhile, D and K" were independent risk factors for HER2 overexpression type, and the D+K"™ model
showed an optimal diagnostic efficiency, with an AUC of 0.913. Additionally, K™ was an independent factor for predicting
Nottingham prognostic index (NPI), with an AUC of 0.790; and D was the only independent risk factor for predicting the ex-
pression of antigen Ki—67 with an AUC of 0.747. Conclusions: The combined IVIM and DCE-MRI diagnostic model showed
favorable diagnostic efficiency in predicting molecular subtypes and prognosis of stage I ~IlI breast cancer, which might be
helpful with the clinical therapy decision—making in a certain degree.
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i 42.7%; Bl 1e~1h . DCE F 3 19 58 S AH &, K™ {f 0.368 min™,Kep A 0.519 min™', Ve i 0.561; El 1i~11:ER(1+,<1%) ,PR(-) ,HER2 (+++) ,Ki-
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Figure la~1l. A 52-year-old female with invasive ductal carcinoma of the left breast (HER2 overexpression type). Figure la~1d: gray
scale map of IVIM (b=1 000 s/mm?), D value: 0.57x10° mm?¥s, D" value: 9.08x107° mm¥s, f value: 42.7%; Figure le~lh: early enhanced phase
of DCE, K™ value: 0.368 min™, Kep value: 0.519 min™, Ve value: 0.561; Figure 1i~1l: ER(1+, <1%), PR(-), HER2(+++), Ki-67(+, about 90%)(IHC).

MR . SR H 2R TARRHE (ROC) i 0P Al 45 2
B2 W ALRE , f 26 F AL (AUC) e BCR A
Delong fi% ., P<0.05 A2 R A gt XL,

2 &R

2.1 W R gRFEAAE

144 BIFLIE P Luminal A %9 17 491(11.8%),
Ho 2 vk g 12 B S R A 2 B R L
SR 9EE 3 41 Luminal B Y 74 #1](51.4%) , H- i3 14
PSS 64 B 54 AL 4 B RNEE N 1
o] LSRR L B R R R OIR e 4
il s HER2 3 ik 8 22 4] (15.3% ) , Fo iz gt 548
9 20 B CRAE IR AL 1 SR IE N 1 =
PERL 31 4 (21.5%) , Hohig i v 545 9 30 B 3h il
Sa /R RE IR 1 B (R 1),
22 SUIRJERFE & F EA M IVIM &= DCE-MRI % %

Ao

Wi 4 ML % D D f K™ Kep Fl Ve [0 525

R—2E R4, ICC JiH 0.934~0.977, Luminal A %[
D" A ZE LT HER2 2 SRk A A =B 12 (P<0.05) .
Luminal A UFI Luminal B %! (&t#X Luminal ) [
K== {5 5 E KT HER2 2 3835 BUR1 = B R (e FRE
Luminal %) (P<0.05), 5 HER2 i # ik % F =[] 9%
UM, Luminal B YA D F Kep {E 8K (P<0.05)
Luminal B %) Ve {E1% T HER2 i ik # {H & T

=R (P<0.05) (£ 2).
23 LIS R R TUE B &4 H TVIM 4 DCE-MRI &
FTAH L

NPI ¥ 55 fil 5 AL D K™ Fl Kep {3 12
R T UG RIrdl, 256 %1% & L (P=0.011,
<0.001,0.003) . Ki-67 =Rk 201 D {8 WA TKi-
67 TR, Z 7 A Gt 58 L (P<0.001) (% 2).,
2.4 IVIM #= DCE-MRI % & £ # 3T UM% R F 4 F

T A 64 5 B 2L AR 4 AT

Logistic [F1JH 43 #7175, D K™ il Ve ¥J 4 Luminal
RUFN = B PR LB A ST 52 I 2R . DR K Oy



-166- Fp I R B 2 545 2% 2024 4E26 35 4555 3 W] T Chin Clin Med Imaging, 2024, Vol.35, No.3
1 ANFEGT I 7 L9 B 1 PR BRARE
R Luminal A % (n=17) Luminal B %! (n=74) HER2 i ik # (n=22) = BAPER (n=31)
SR (H  wts) 4918 52+10 53+10 51+10
R 7 (em, s ) 2.14+1.08 2.66x1.17 2.81+1.38 2.92+1.40
B 12 64 20 30
A 2 4 1 0
AL () RN 0 1 1 0
el R D N 3 1 0 0
Zh TR I BE AT S 0 R e 0 4 0 1
-1 14 34 7 9
TAE (B 3 40 15 22
-1 14 54 15 13
TNM 433 (1) m 3 20 7 13
. FIE (-) 0 1 22 31
ER (#
(#) FRE (+) 17 73 0 0
FAPE () 0 12 22 31
ll
PR(f1) R (+) 17 62 0 0
B () 17 22 0 31
ll
HER2(#1) A4 (+) 0 52 22 0
. B4 (-) 17 8 4 4
Ki-67(#1) BEE (+) 0 66 18 27
T TNM s itk 25 56 76 4325
F 2 AR S H K 1505 P R IVIM \DCE-MRI /& i 2 8 A
2H 5 B D(x107 mm¥s) D (x107 mm?s) f(%) K=*(min™) Kep (min™) Ve
Luminal A % 17 0.70£0.28 18.5711.52 28.93(22.30,33.30) 0.230.09 0.48+0.27 0.55+0.19
Luminal B % 74 0.52(042,0.70)  29.30(14.98,52.78)  36.85(29.25,43.63)  0.22(0.16,033)  0.37(0.28,0.60)  0.57(0.40,0.81)
SR HER2 &M 22 0.85+0.35 41.26+18.74 36.80£12.69 0.53(0.45,0.72) 0.590.30 0.79(0.53,0.98)
=R 31 0.68(0.55,0.96) 41.02+26.17 40.32(34.15,45.55) 0.390.18 0.52(0.38,0.78) 0.4120.10
PiH 0.001! 0.022! 0.080" <0.001" 0.009! <0.001!
i K 34 0.57+0.28 22.92(12.68,46.90) 38.19+14.40 0.18(0.14,0.21) 0.38+0.22 0.5120.21
NPT 4> TG A 110 0.62(0.49,0.87) 32.64(17.78,48.26)  37.00(29.46,45.05) 0.34(0.23,048)  0.45(0.34,0.70)  0.55(0.41,0.80)
P 0.0112 0.2102 0.9532 <0.0012 0.0032 0.720?
=14% 111 0.56(045,072)  27.30(14.15,40.63)  29.97(23.43,37.15)  031(0.19,047)  0.44(0.32,0.65) 0.53(0.41,0.79)
Ki-67 #ik <14% 33 0.90+0.34 32.59(17.15,5333)  38.90(31.08,46.15)  0.23(0.17,0.37)  0.40(0.27,0.68)  0.55:0.22
PiH <0.0012 0.018 0.1642 0.1132 0.4892 0.573
7. 1. Kruskal-Wallis H ¥:56;2. 0 Mann—Whitney U K
TRIHER? 2 & 3 80 2L MR g 1) 0 37 52 o R 2% (¥ 2¢,% 3),

K™ #iill Luminal 4 () AUC 4 0.829, %3
T D (Z=2.610,P=0.009) F Ve (Z=3.830,P<0.001),
D+K™+Ve BEAHIRL ) AUC 4 0.883, BE® T D
(7=4.525,P<0.001) K"™*(Z=2.104,P=0.035) 5% Ve(Z=
5.721,P<0.001), D+K"™>+Ve B4 5 i v 6 5
81.3%, = T D K™ 8¢ Ve H1.—Z 4 (& 2a)

Ve FUll = FAPERL AUC M 0.768, % 7 T D
(7Z=2.184,P=0.029), {H5 K™ LK I 1T¥# 27
(Z=1.680,P=0.093) , D+K"™+Ve k4 H R F3i 0 = BH :
R AUC 2 0.850, i 3% T D(Z£=4.285,P<0.001) ,
K™ (Z=4.091,P<0.001) 5 Ve (Z=2.468,P=0.014),
D+K"™=+Ve B A A5 MEH N 84.7%, =T D,
K™= 5 Ve HL—Z % (Kl 2b),

D+K" 15 & LR FU HER2 3 3634 B i) AUC
40913, B & E T D(Z=3.474,P<0.001) ,{H 5 K"
LA G242 57 (Z=1.377,P=0.169) , D+K"™> &4
B HEE R 87.5%, 5T D sk K™ f— S8

2.5 IVIM #= DCE-MRI % & & 4 5+ NPI #F 9 4= Ki—
67 F A U695 b 2L RE AT

Logistic [[J9 23 #1718 K™ (0OR=269.831,P=0.008)
A& NPI ks 52 R 2R 24 K =0.202 min™ B, 7]
T2 W1 NPI 5 AE,AUC 4 0.790, D(OR=52.273,
P<0.001 )2 %51 Ki-67 Kk E O ML 52 m & Y
D <0.70x107 mm?¥s I} ,Ki-67 fii [7] T & ik ,AUC
H0.747( 3),

3 itig

AMWEFE LA T ~ T 2 B o B8 3 S 5 X 42, Il
i 43 B T AT IVIM Al DCE-MRI & & 2 807 7
PR 9 AN [A) 3 F R NPL 343 K Ki-67 323k Y 22
SEME, g5 3 5K IVIM Al DCE-MRI & & 2 81E 7
Ji 98 AN TR 43 F W7 NPL P43 )2 Ki—67 23k 7 1E
AR 25 ZH K Logistic 70T 27~ ,D+K™+Ve
AR AR 51 Luminal 89 . = BA P A L i gis vp B



e ]I R B2 25245 4% R 2024 458 35 4555 3 # ] Chin Clin Med Imaging, 2024, Vol.35, No.3

-167-

100} 100} 100}
80| 80 sof
S 60f s eof s 6of
i L =y 3 b I
B i ® B & L
Ry 40: Ry 40: hy 40:
20f 20} 20} —D
I B I —— Kitrans
i —— D+Ktrans+Ve [ —— D+Ktrans+Ve : —— D+Ktrans
O | Il L L L 0 1 1 1 1 ! 0 i 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100-# 5 (%) Da 100-4 5% (%) @b 100-F 50 (%) Qe
B 2a~2c¢ 43914 IVIM Al DCE-MRI 5 £ 280 Luminal 0 = B £ A1 HER2 i3 36 1% 89 3L 98 9 ROC i 42,

Figure 2a~2c.

overexpression type breast cancer.

ROC curves of IVIM and DCE-MRI quantitative parameters in predicting Luminal type, triple—negative type, and HER2
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