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Clinical value of virtual touch tissue imaging quantification combined with
contrast—enhanced ultrasound for predicting axillary lymph node
metastasis load in T, stage breast cancer
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ABSTRACT Objective To explore the clinical value of virtual touch tissue imaging quantification (VTIQ) combined

with contrast—enhanced ultrasound (CEUS) for predicting axillary lymph node metastasis(ALNM) load in T, stage breast cancer,
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and to construct a nomogram to guide personalized treatment. Methods A total 167 patients with T, stage breast cancer who
confirmed by pathology were selected (totally 175 tumors). According to American College of Surgeons Oncology Group
(ACOSOG) Z0011 trial, patients were divided into a high-load group (>2 ALNMs,n=20) and a low burden group(<2 ALNMs,
n=155). VTIQ was used to obtain maximum, minimum and mean shear wave velocity (SWVmax, SWVmin, SWVmean) , and
elastography (EI) score.CEUS was used to obtain time—to—peak (TTP) , peak intensity (PI) , enhancement intensity , enhancement
pattern, post—contrast volume change, and the presence of penetrating vessels or filling defects signs.The differences of above
parameters and imaging features between the two groups were analyzed.Univariate and multivariate Logistic regression analysis
were used to identify independent predictive factors for ALNM load, and a nomogram model was established.Receiver operating
characteristic(ROC) curve was drawn to evaluate differentiation of the model, and the constructed nomogram was validated with
1000 Bootstrap resamples. Calibration curve was drawn to evaluate the calibration degree of the model, and the Hosmer-
Lemeshow test was used to evaluate the fitting degree of the model. Clinical decision curve was drawn to evaluate clinical

VTIQ results showed that the SWVmax,SWVmin,SW Vmean and the proportion of El score=4
in the high-load group were significantly higher than those in the low—load group (all P<0.05).CEUS results showed that

applicability of the model.Results

compared with the low=load group, the high—load group had a larger PI, shorter TTP, higher enhancement on CEUS, post—
enhancement volume increase>20%, and a higher proportion of filling defects sign and penetrating vessels sign (all P<0.05).
There was no statistically significant difference in enhancement pattern between the two groups. Univariate Logistic regression
analysis showed that SWVmax,SWVmin,SWVmean, El score, TTP, PI, enhancement intensity, post—enhancement volume change,
penetrating vessels sign and filling defects sign were predictive factors for ALNM load in T, stage breast cencer (all P<0.05).
Multivariate Logistic regression analysis showed that SWVmax, penetrating vessels sign and filling defects sign were independent
predictors for ALNM load in T1 stage breast cancer (OR=2.749, 14.794, 10.206, all P<0.05) , the nomogram model was
established based on above factors.ROC curve analysis showed that when the cutoff value of the nomogram model was 0.171, the
area under the curve for predicting high ALNM load was 0.945, which was higher than that of SWVmax, penetrating vessels sign
and filling defects sign (0.907, 0.794, 0.733, all P<0.05) , with corresponding sensitivity of 90.0% and specificity of 86.5%.
Bootstrap validation with 1000 resamples confirmed stable predictive performance.Calibration curve showed good fitting degree
(x’=1.734, P=0.988) , with a mean absolute error of 0.019, suggesting high calibration.Clinical decision curve showed that the
model had good clinical applicability with a high net benefit when the probability threshold was 1%~77%.Conclusion VTIQ
combined with CEUS can effectively predict the risk of ALNM load in T, stage breast cancer, providing valuable guidance for
selecting clinical treatment strategies and assessing prognosis.

KEY WORDS Ultrasonography; Contrast agent; Virtual touch tissue imaging quantification; Breast concer; Axillary

lymph node metastasis ; Nomogram
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