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[ Abstract] Objective: To explore the diagnostic value of ultrasonic virtual touch tissue imaging and quantification (VTIQ)
combined with magnetic resonance imaging (MRI) in axillary lymph node metastasis (ALNM) of breast cancer. Methods: All

breast cancer patients who underwent surgery at Handan Central Hospital between January and May 2025 and completed routine
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ultrasound, VTIQ, and MRI examinations prior to surgery were selected. Their imaging characteristic parameters were collected.
The general data, maximum shear wave velocity (SWV ...), SWV .., SWV ..., apparent diffusion coefficient (ADC), long and short
diameters of lymph nodes and cortical thickness were compared between the two groups. The effects of different observation
indexes on ALNM of breast cancer were explored by logistic regression analysis. The diagnostic value of ultrasonic VTIQ combined
with MRI imaging characteristic parameters in ALNM of breast cancer was evaluated by receiver operating characteristic (ROC)
curves. Results: There were 200 breast cancer patients, among whom 150 underwent axillary lymph node dissection and obtained
pathological examination results, while the other 50 did not undergo axillary lymph node dissection and did not obtain pathological
examination results. Based on the pathological examination results of axillary lymph nodes, the 150 patients who underwent axillary
lymph node dissection and obtained pathological examination results were divided into a metastasis group with 67 cases and a non-
metastasis group with 83 cases. The molecular classification of Luminal B, positive vascular invasion, the maximum diameter of
lump, SWV,.., SWV i, SWV can, short and long diameters of lymph nodes, and proportion of circular enhancement in metastasis
group were higher than those in non-metastasis group (P<0.05). While ADC was lower than that in non-metastasis group (P<0.05).
Increased SWV .., decreased ADC and circular enhancement were independent risk factors of ALNM in breast cancer (P<0.05).
AUC, sensitivity and specificity of ultrasonic VTIQ combined with MRI parameters in the diagnosis of ALNM were 0.908, 85.07%
and 77.11%, showing good diagnostic efficiency (P<0.05). Conclusion: Ultrasonic VTIQ combined with MRI has higher diagnostic
value in ALNM of breast cancer, which can provide reliable imaging evidence for precise formulation of axillary treatment strategies
in clinical practice.

[Key words | Breast cancer; Axillary lymph node metastasis; Virtual touch tissue imaging and quantification; Magnetic resonance

imaging; Diagnostic value
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ZMREAE SR E S IR SR, X — SRR
TR IX IR R LR AN RS 1 1 R R P A
K KW, WS MBS (axilary
lymph node metastasis, ALNM) fRZ55 LR
HUEEVIFE, Hik, WAL FLIRE ALNM
XTI 3 1 L YR TR TR M R TS R & G R
B, Y ETFLIRE ALNM G FRPEAG 32 2R Tl R
iz ARER A A RTE R, X AR
WEARGPE R | H AN A BR DL AR AP E XU
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LA S LU AL AR (virtual touch
tissue imaging and quantification, VTIQ) #% K J&

WS, BRI ALNM 1Y
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RFLIRIEEE . HARRHE: O F 18~70%;
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AR, Al I A S A ok i A Y U AR
AUP Ry BT ) (shear wave velocity, SWV),
SCERT A 2 R ) R VAL, MR IR 2
WLAE B S WS PR R (magnetic resonance
imaging, MRI) FEfE R L1535 ) 28 T A
1RRETT, P \Z 21 Z M BRI S5 T 822k
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1.2 FHik
12,1 FokbikA

et H B t—sepb A, IR R
RS . REFEEL (body mass index, BMI) . ¥ji
KA RIEERE R A0 . BRI/
R . BEMEREEL L RE) L T
[Luminal A, Luminal B, AF£ KA KK FZAk2
(human epidermal growth factor receptor 2,
HER2) " =BPER ]| i KR EAR . MRE
B %k, B BRI 95—k
122 & FVTIQ# R

PEPETE[E Siemens /A F] Acuson S3000 %l
WL, L4 ZFER L, WA 4~9 MHz, B4
VTIQ BUR A A o BB RO EML, T4 28
A BB T X, wHES Rk E
AR 3 S IR A FLAR b B, S k3
oo RN JBAR . #h% . BRI | E5AEIE L |
MRIENL . SRS E AR A R A R g, R
NGB R RERR A RS, ROk A
PR T A EAYAN (OF 5% S O 3 Nk i iy
A . WOREHE BE R SR AR X 854k S 0 i i 2
2, BTIMEEEEN, FRERBRERERS, &
4t H 3 A R R B S SWVAE A3 A 1 . 7K
5 5 15 5] G AT g 0 Jo i e ey PN D) 48 2 AR
IR KRR 10 m/s, KRR RIKE BT
S SN NI W | K 95 et b TP SO D il Re 4 B0
EIRGEEIR I kb Ear e, DU RA
VTIQ # FERLAEIMG . ik 5 B h 5 i AR As =X
1, #EFFEAbkE, BCE 7 ALUE4ER X (region of
interest, ROI) iC 3¢ I 5 Ik 12 45 B U bl ok 2
(shear wave velocity, SWV) £, 7 SWV i
KAE (SWVae) « SWV e /NE (SWV,) K
SWV-FIH (SWView) o H12 24 S04  HAFHS
WrBE IR AL [E] Be] Fr, 2 bR US — B W, LA R
HEE YR 3 U 45 SR .
123 MRl

Ve 5 [E GE 4 7 Signa 750 3.0 T MRI 494
1, Beg&FLMR T HFESI L . P @ &8
T2 AL A5 (T2-weighted imaging, T2WI) g
Jiii ol 7 %), 2 B [E] (repetition time, TR)

4500 ms, [BIJ¥FE] (echo time, TE) 85 ms, /=2
JE4 mm, FHEFE0.5 mm; @ BT T1INAURE
(T1-weighted imaging, TIWI) JEJEAEF4], TR
650 ms, TE 10 ms, 254 mm, Z[EHE 0.5 mm;
@ W R O AL & (diffusion-weighted
imaging, DWI), YV BIEFS], b{EHO0
1800 s/mm’, TR 6 000 ms, TE 65 ms, JZJ5
4mm, JZEEE0.5 mm. H3IHEFRUWIRHLREL
(apparent diffusion coefficient, ADC) &, 3kH
JRCEE IR EL 25 ADC fH

BhHAXT R PR % (dynamic contrast-
enhanced MRI, DCE-MRI) £k A EELT
FI EL W5 % #5  (Gd-DTPA) 0.1 mmol/kg, i %
2.5 mL/s, 55 2R PR AR A B2 01 5 ) 1
T2 CESar 13, 95 L
7~8#1). TR/TE 4.5/2.1 ms, #ffM12°, )2
JE1.5 mm, JFE320x224, H 4 R 5 000
FUBR B Es, XTI AR T = 4 d g, W
ELEsTh 5 . WRELTT LA Kk T S Bl g s 1) B 1 4
SR A KRR R . 2 4 BA 24
2255 1) MRI FE AT BRI FLIR AR S TRCH 12T,
TR WA, eIk s
1.3 =M BEERBISHITE

A B 2 T ARIGYT, AR FLIREARIG
ARECH RATAARSE, RPITREREZE, #
TSI I Z5 R A AL 18 i BEARF A 7 95 B2 4G
A, R AR A g R AE D FL i ALNM 12 W
fdhE
1.4 GitEhbE

K 1 SPSS 28.0 A/ 4idlis o 1] Shapiro-
Wilk AT IEAS RS, 76 B i = Bk
PhxesFon, RS ; dEES 00T m vk
PAM (Pys, Pss) F27n, KA Mann-Whitney UK
B3 R logistic I3 Hr 2RI 2 WA AR Frovl LR
JE& ALNM B9 82 W 5 R 52 38 & T4 4 Ak
(receiver operating characteristic, ROC) HH £k ¥
M E T VTIQ H AR EK A MRI G 2R E S KO 7L
S ALNM FIZWH R XU S, P<0.05 2%
SAGIFE .
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YN 2025 4F 1—5 H F-AR 1Y 200 171 7L it 98 18
F, H 150 4T EES Ik OS5I 0T AR B R 2
K25, 53 SO BIARATICES Ik T 455 1 3R Ui
PREEAG A A . M RS I L 23 A A 45
H5 150 151047 R ik L0 235 955 41 - 3 U B2 A A 25
BB EE D AR 67 BIMA 4183 6. H
RN AR L 1

20254F1—5 H FAR M FLI B

(n=200)
KA SRS
U E
(=50
MBI B A IO 25 5 !

(n=150)

B IR A5 | | A B BSR4 75
(n=67) (n=83)

1 BENARREE

Fig.1 Flow chart of patients enrollment

R 4> F 435 Luminal B, ik 240 BH 1
PP K EARY & TR A (P<0.05);
P TEARE IS . BMI, SR EA . PR RIR | B
AL % SR 305 7 T 2 F g
RN (P>0.05, %£1),

22 FLBRBALNMEBASKEBHEBEVTIQ
SE LR

R SWV i« SWV i I SWV e 5 18 25 55
FRESA (P<0.05, %2).

2.3 FLEREALNMERAS KEBEMRI 2K
FHHESHLR

Y ADC B E IR T REEH A, Wi
7 REERARINIE R b e 2w TR
B4 (P<0.05, #3).

F1 FBREAINMEBASREBH-RABILR
Tab.1 Comparison of general data between metastasis group and
non-metastasis group
srsin (%)

Ferpd KRN

A (n=67) (ng3) M Pl
A% 52.39+4.71 51.78+5.64 0.708 0.480
BMI/ (kg-m™) 23.15+0.98  22.96+1.07 1122 0.264
ot eS| 0.683 0.984

B S 40 (59.70) 50 (60.24)
SR 10 (14.93) 12 (14.46)
WAL 8 (11.94) 10 (12.05)
R 5 (7.46) 7 (8.43)
il 1 (1.49) 2 (2.41)
AR 3 (4.48) 2 (241)
it 9.032 0.029
Luminal A 17 (25.37) 41 (49.40)
Luminal B 29 (43.28) 24 (28.92)
HER2" 13 (19.40) 11 (13.25)
=AM 8 (11.94) 7 (8.43)
WKAERAC PP 30012 <0.001
H 37 (55.22) 11 (13.25)
I 30 (44.78) 72 (86.75)
Ji Hedie K T A4 /em 3.82+0.69 2.75+0.81 8.586  <0.001
il g B
S 40 (59.70) 49 (59.04) 0250  0.883
o 16 (23.88) 18 (21.69)
P 11 (1642) 16 (19.28)
I
FL) 25 (37.31) 30 (36.14) 0.022  0.883
AL 42 (62.69) 53 (63.86)
UIES S
b3 21 (31.34) 25 (30.12) 0.026 0.872
AEE 46 (68.66) 58 (69.88)
MR 52
0~ 1% 27 (40.30) 32 (38.55) 0.047  0.828
I~M%% 40 (59.70) 51 (61.45)
51k,
A 29 (43.28) 37 (44.58) 0.025  0.874
X 38 (56.72) 46 (55.42)

F2 IBREAINMERESREBHER VTIQSHILE
Tab.2 Comparison of ultrasound VTIQ parameters between

metastasis group and non-metastasis group

Xts
g5 o swv,,_qf,x/ swv,_nli"/ swvm_?an/
(m-s™) (m-s™) (m-s™)
R 67 5.81+0.69 2.67+0.25 4.96+0.35
KRR 83 5.47+0.35 2.38+0.13 4.1240.28
Hf 3.911 9.151 16.332

PE <0.001 <0.001 <0.001
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Tab.3 Comparison of MRI imaging characteristic parameters between metastasis group and non-metastasis group

Tl n(%)
oy it ADCHIOT pgigien LA Em S HERA o
R 67 0.85+0.12 1.25+0.32 2.0420.60 50 (74.63) 17 (25.37)
KRR 83 1.27+0.20 0.83+0.17 1.52+0.49 18 (21.69) 65 (78.31)
HA 15.126 10.297 5.844 41.927
P <0.001 <0.001 <0.001 <0.001

24 REIBREANVMPEREZHNEEE
logistic [B]Y3 43 7
DIFLARIEE ALNM & AE BN AR5 (7 f%=
1y KEFE=0), DR IF2TAGI2EE LW
AN A AR BELT logistic [P0 . A AR It
B4R . 432743 Luminal B=1 (Z1t4l), HAh
=0; BKERILHEM=1 (4, AE=0; ik
BB b=1 (SHdl), ¥55a1k=0; hbk
BARHEAE . SWVnas SWViin. SWVien. ADC,
I EL 4 A AR AR L B K AR S 2 B AR AEAR A
R, TS . Logistic MIHE5 R B s,
TERLTEAR IS . BMIL SRHpEAA . PR EIR | B
AL g BT R EFRANE TR,
5 BN SWV e 3 K (OR=3.133, P=0.014) .
ADC {4 (OR=3.114, P=0.023) FI¥IEi1L

F4 REIREANMERER E R8I % E X logistic @A77
Tab.4 Multivariate logistic regression analysis on risk factors of
ALNM in breast cancer

b B SE W;ld P OR (95%CI)
S For Rl 1035 0.596 3.016 0.083 2.815 (0.875~9.054)
Pk AL 0914 0477 3.672 0.056 2.494 (0.979~6.353)

Ml R EfR 0732 0.519 1.989 0.157 2.088 (0.755~5.773)

SWV .« 0929 0.573 2.629 0.106 2.532 (0.824~7.784)

SWV,.,, 0853 0.556 2.354 0.126 2.347 (0.789~6.978)
SWV,ean 1142 0461 3.137 0.014 3.133 (1.269~7.733)
ADC -1136 0.498 5204 0.023 3.114 (1.173~8.265)

iNSES SR 0997 0.594 2.817 0.094 2.710 (0.846~8.682)
LKA 1101 0.572 3.705 0.055 3.007 (0.980~9.227)
A A 1148 0.456 6.338 0.012 3.152 (1.289~7.704)

Fi (OR=3.152, P=0.012) ZFLIH ALNM 1Y
MSrfEpEE (£4),

25 BEVTIQ#H ARBE MRl S # 3t 3L IR &
ALNM B9i2 B &

ROC & A Hr&i R 7R, SWV e ADCH
FFRIE AL WL B es ALNM (26T R
(area under curve, AUC) >N 0.865. 0.824 #l
0.765, REE 1 79.10%. 76.12% F174.63%, +F
SN 89.16%., 78.31% F1 96.39%. Bk A 2 Wi
Logit (P) =-12.749+1.142xSWV .c,-1.136xADC
H+1.148x M E s AL K, A VTIQ H Rk &
MRI Z%02 W LR ALNM i AUC 4 0.908, 7%
B0 RN S 4390 K 85.07% A1 77.11%, 2 W5k
RERLF (P<0.05, K2, %5).

1.0 A e .:-',,:,“’
0.8 =
% 0.6
™
044 A
‘ = ADCfi{
0 T T 1

T T
0.2 0.4 0.6 0.8 1.0
1-Hp5
2 BEVTIQEA MRISHI2 W FLARE ALNM 8 ROC i 2k
Fig.2 ROC curves of ultrasonic VTIQ combined with MRI

parameters in the diagnosis of ALNM in breast cancer
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5 A VTIQEA MRISHISEFLARE ALNM 348
Tab.5 Comparison of the diagnostic efficacy of ultrasound VTIQ combined with MRI parameters in the detection of ALNM in breast

cancer

i AUC AUC1 95% CI bt RGP % HESERE /% M P1H
SWV, e 0.865 0.802~0.929 0.032 79.10 89.16 >4.54 m/s <0.001
ADC 0.824 0.753~0.896 0.036 76.12 7831 <0.95%10" mm?*/s <0.001
IR AR 0.765 0.685~0.844 0.040 74.63 96.39 WKL <0.001
BA 0.908 0.856~0.959 0.026 85.07 77.11 — <0.001
FOHLEIEE S DR R Ble o B B, HRmE
33 ® R T 40 A1 I PR - B AT R S P £ 4

FLR T BRI 2 —,
IR A — S B B A /N SRS AE, BT
f2 AT LK E 65 AR XL 90 S X T 5 5 oA 1
4t ERITRIE B ALNM R AL . BEA: ST O
UESE, FLARIES ALNM 2 M 2 28 Ve AR 8L
JFEBE DR HEVIAC, ik, EET MR A
FBAT AT HER 2 W 2 OCHZ . /N VTIQH;
AT 3 o 2 SWV AL IR L A, R SR
SIFL R B B A ALNM 75 1 BB W EAY
fH. MRUEMEHARERALS TR 22500
ZVHISIRRE ST, LRI | YU IT
it B ALNM K b AT R 3 120 Ao &
BT A VTIQ H RIS MRLXS Lt ALNM
AsWi (e, 8 it 2RSSR AR B A
A ST A, S — AR B2 WS

AMREER TN, %A1 43 Luminal
B. KA R0 BH A b Hede K B AR 38 25 R TR
PR, BRI 3T AR g e 5 FLIRE ALNM
B2 . 43Ik, Luminal B 78 i
WATE IR SR AR TR, KA R AT R R A0k
FER BRI AR, T A P R P R ot B 305 R A e
CA AL, —H L RIIKEFLI I ALNM 2, $R
I PR AT 2 A 33k 26 48 A A Ak UK DA 59697 5K
WL AR IELER BN, B A SWV .
SWV oo Fl SWV o B 0 3 1 TR, RIIHL
g ALNM f8 % 35 3l /7 768 77 VTIQ H R SWV
SHEW TR RN, PRIl 1E NSk
ST AR AR . FUBRIE ALNM 4 SN0 i 1K
VT R LR W R S A S R R B s,

YR SO S FE VTR 5 AC e, (HZH 2NN B4 v
Hyk, FUIRE ALNM U 5 A k9 20 g 18 B
b YN [ET S e e R R A 2 A LR Z) AN 6
BT BT FRUR, REL AR XS B 4 1 4
B R A AR A B, YRR AL R .
R BRI S 1N PR ) B INZH ZIMLAR Y g, Fe
R ALNM 20 20 R A [Pk 4 b 2
ThE U A VTIQ H AR M SWV {E A 1 K
TEAE Mk &5 5 AL e b, b SWV Al
SWV i, 2 B 53 75 5 A8 DX I AR /NS, SWV e
M RAEBEAARRE R, — & D[R] 5 A o 2 P g ML
SERMEEALH EARARBL, S ALNM [ TCA12 K42
) F 2 A s

AR EER BN, HBAH ADC B EIKT A
WA, WEEER . KBS RKEMIPIE R
e B m TR AL, 8 MRS A S 500]
R W LR ALNM . 54 8% 00k T 45 P 9 40 fif 23
LRI . A% UG MORBE XL, i i AR ] B
A/ HLI A0 MRS K 38 8 AR 1 = Rk BR K 439
W, FBUKGFURECZIR, R DWITF I 4
Mo B 5 ADCH 2 AH G, R FE RS A LY 1Y
IHRERCAGRAE 1 i A M A B iR 5 T e M B B
RN IE R 454, 5] bk s B IR v A K S 30k
EL AR AR K. R Tk 45 %
B, S MEFEEEPOL SN, IR E]
MAEIFE AR A M AR R, 5% MRIZREL
R EREARTE 5 AL o 3K L RZ AR 2= FRAE DA 4 A
5. RRIE A SO AR, B ALNM 1Y
g B 2% i As U8 Logistic [ 19 45 5 8K
SWV,ea K . ADC {E PR FAIRIE i A A 2 FL
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g ALNM [T fE S R 2, RS 3 i b
AL SEOS WAL, S FLERE ALNM JCE 3
Al P2 i AL AR 3R . ROC il 28 43 7 45 1 WK
SWV e+ ADCE FI5RAUA A2 W LRI ALNM
) AUC H 0.865. 0.824 i1 0.765, = i FF K
79.10% . 76.12% F1 74.63%, &5 H 89.16%.
78.31% £196.39%., #i/ VTIQ Fi ARBA MRI S H
LWiFLIME ALNM &/ AUC 4 0.908, REE
FIRE S BE 50 9k 85.07% F177.11%,  EERA 12
RS A TR A, (R R B W3 B, JIEsE
A VTIQ 2 ARBEA MRV FL S ALNM H A
ESWRkEE . B VTIQ 5 MRITE ALNM 21
W I A B AN . R VTIQ LA S i J3
HEALAE RN LK, @it SWV E PG RS ik
ELEEA SRR, AI/b RPERRELS51%2; MRIRY
ADC{H ML s b Bi=C AT e 5 it EE DA
AN TR A B B A L B
i, VTIQ ] 5 &b MRI X 5& Jo A B2 34 7 ) AN 12
MRI #h 78 VTIQ XU 88 Al il HE A9 IPAL 5 X, Ok
/b B S DR S S N S B AR PR Y, fdii
Wr AUC $27F+ % 0.908, @i LA -ThpE =&
Y 5 3 ALNM 2 T RiRE

Zi FTR, FLIRE ALNM H 3 A7 e e
VTIQ K #F SWV 2 HU 7 4 FI = Fl MRI ADC {H [#
ROk LSS M AR . RS KA I E aRAL & L
KEH, SWVoeandl K. ADC {HFEMRFRTE SR L
P FLIR i ALNM [ 3 S7 G [ IR &, s
VTIQ i REK A MRIXF FLAR i ALNM H A # 1
WA . AWFFEAS L Z A AEF Hrs [
WF7E Al e S EEEA R MR EIERR,, R HT
KELMERSBERGEE K. EAFHEH,
T VAL HXHGY T B R i g ), J5 824757 1
I KEEAR Z BB R REHERE DT F S A T 50IE
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