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Abstract: Objectives: This study explored how ultrasound features relate to tumor size and inflammatory markers 
in invasive ductal carcinoma (IDC) patients. Methods: We retrospectively reviewed 218 female IDC patients. Based 
on the largest diameter of the tumor, patients were split into two groups: those with tumors ≤ 2 cm and those with 
tumors > 2 cm. We gathered data from conventional ultrasound (CUS), contrast-enhanced ultrasound (CEUS), and 
virtual touch tissue imaging quantification (VTIQ), along with blood-based inflammation indicators like neutrophil 
count and C-reactive protein (CRP) levels. Group comparisons were done using univariate analysis, and Spearman 
correlation was used to examine relationships between tumor size and other variables. Results: Larger tumors 
were more frequently located in the upper outer quadrant (60.71% vs 41.03%, P = 0.035) and showed richer blood 
flow (73.57% vs 53.85%, P = 0.003). By CEUS, larger tumors were more likely to show high enhancement (90% vs 
78.21%, P = 0.017) and expanded enhancement range (82.86% vs 70.51%, P = 0.034). VTIQ results showed that 
SWV max (P = 0.033), SWV peritumoral average (peri-avg) (P = 0.010), and SWVR max/min (P = 0.009) were signifi-
cantly increased in the larger tumor group. Correlation analysis showed that tumor size was significantly correlated 
with the above elastic parameters (P < 0.05). For inflammation, CRP was significantly increased in the larger tumor 
group (P < 0.001) and positively correlated with tumor size (r = 0.249, P = 0.0002); neutrophils were also correlated 
with SWV peri-avg (r = 0.158, P = 0.019) (P < 0.05). Conclusions: Tumor size in IDC patients is not only related to 
their ultrasonographic features but also reflects their inflammatory status.
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Introduction

Breast cancer is one of the most frequently 
diagnosed cancers in women around the world 
[1]. Reports indicate that in 2022, there were 
over 350,000 new cases of breast cancer 
among women in China, with approximately 
75,000 deaths, accounting for approximately 
15.6% and 8% of all new cancer cases and 
deaths, respectively [2]. Among these, invasive 
ductal carcinoma (IDC) is the most common 
histologic type, accounting for more than 80% 
of all breast cancer, with high heterogeneity 
and invasiveness [3, 4]. Tumor size plays a cen-
tral role in the TNM staging system and has a 
direct effect on treatment planning and patient 
outcome [5]. The increase in tumor volume is 
often accompanied by a higher histologic 

grade, a more active cell proliferation state, 
and a higher risk of lymph node metastasis. 
Therefore, the size of the mass is not only a 
morphologic feature but also an important indi-
cator reflecting the biological behavior of breast 
cancer [6].

In recent years, with the development of ultra-
sound diagnostic technology, imaging app- 
roaches for evaluating breast tumors have 
become increasingly diverse [7]. Conventional 
ultrasound (CUS), as an important tool for rou-
tine screening and diagnosis of breast diseas-
es, can provide basic information such as the 
shape, margin, echo type, calcification, and 
posterior echo attenuation of the mass to some 
extent [8]. On this basis, color Doppler can fur-
ther assess the distribution of blood flow sig-
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nals within and around the lesion. Virtual touch 
tissue imaging quantification (VTIQ), as a newly 
developed ultrasound elastography technique, 
can noninvasively measure the shear wave 
velocity (SWV) of tumor tissue, reflect its stiff-
ness, and provide supplementary information 
for distinguishing between benign and malig-
nant tumors [9]. In addition, contrast-enhanced 
ultrasound (CEUS) technology has been shown 
to be valuable for the diagnosis and grading  
of breast cancer by observing tumor microvas-
cular perfusion characteristics in real time, 
which provides unique advantages for assess-
ing tumor blood supply, infiltration boundaries, 
and enhancement patterns [10]. Although 
some studies have investigated the relation-
ship between ultrasound features and the bio-
logical characteristics of breast cancer, recent 
research has indicated that the diagnostic suc-
cess rate of ultrasound may vary for tumors of 
different sizes [11, 12]. Therefore, further com-
prehensive studies on the systematic correla-
tion between ultrasound characteristics and 
mass size are still needed.

The role of inflammation in tumorigenesis and 
development has been increasingly empha-
sized, and systemic inflammatory response is 
not only involved in the regulation of the 
immune microenvironment of tumors, but also 
closely related to tumor aggressiveness, meta-
static tendency and therapeutic response [13]. 
Inflammatory indicators such as neutrophils 
and C-reactive protein (CRP), as simple and 
easily accessible hematologic data, have prog-
nostic value in various solid tumors [14-16]. 
However, in IDC, whether there is an intrinsic 
correlation among tumor size, ultrasound fea-
tures, and inflammatory indicators remains 
unclear.

Based on this, this study intended to analyze 
retrospectively the multimodal ultrasound fea-
tures (including CUS, CEUS, and VTIQ) and 
serum inflammatory indexes of IDC patients to 
investigate the correlation between them and 
the size of the mass. To our knowledge, few 
studies have simultaneously integrated multi-
modal ultrasound parameters with systemic 
inflammatory markers to explore their com-
bined association with tumor size in IDC. This 
approach may reveal novel imaging-inflamma-
tion correlations that may enhance preopera-
tive risk stratification and tailored treatment 
planning.

Patients and methods

Case selection

This was a single-center retrospective study 
that included 218 female patients who attend-
ed The Affiliated Hospital of Bei-hua Univer- 
sity from May 2022 to March 2025 and were 
diagnosed with IDC by pathology. Inclusion cri-
teria: Baseline information is available and 
complete; Diagnosed with IDC; The CUS, VTIQ 
and CEUS examinations were completed before 
the operation; Complete CRP and neutrophil 
test results. Exclusion criteria: No clear patho-
logic diagnosis; Other types of breast cancer; 
Presence of serious infection; Presence of 
immune system disease or blood system dis-
ease; Baseline or test results incomplete. The 
diagnostic criteria for IDC in this study were 
based on the Guidelines for Breast Cancer 
Diagnosis and Treatment issued by the China 
Anti-Cancer Association, which provide stan-
dardized recommendations for imaging assess-
ment, pathologic evaluation, and immunohisto-
chemical testing to ensure accurate diagnosis 
[17]. This study was approved by the Ethics 
Committee of The Affiliated Hospital of Bei-hua 
University. Since this was a retrospective study, 
the requirement for informed consent from 
patients and their families was waived by the 
ethics committee.

Outcomes measures

All patients underwent preoperative color 
Doppler ultrasound using the Siemens ACUSON 
S3000 system, which was equipped with the 
VTIQ elastography module and CEUS analysis 
software. A 9L4 linear array probe was used, 
with a frequency of 4-9 MHz and a mechanical 
index of 0.08. Patients were examined in the 
supine or lateral position to fully expose both 
breasts and axillary regions.

First, the CUS examination was performed to 
record the location, aspect ratio, morphology, 
boundary, internal echo, calcification manifes-
tation and posterior acoustic shadow and other 
characteristics of the lesion. Subsequently, 
color Doppler flow imaging was combined to 
assess the intensity of blood flow signals in the 
lesion and surrounding areas, and the blood 
flow grade classification was performed with 
reference to the Adler grading method (grade 
0-III).
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After completing CUS, we selected the largest 
section of the mass or the area with rich blood 
supply to initiate the CEUS mode. 2.4 mL of 
SonoVue contrast agent through the elbow vein 
were rapidly injected followed by immediately 
injecting 5 mL of normal saline for rinsing. The 
enhancement characteristics of the lesion were 
recorded in real time after angiography, such 
as the enhancement mode (fast advance and 
fast retreat/slow advance and slow retreat), the 
enhancement intensity (high/equal), whether 
the range expands after enhancement, and 
whether there is perfusion defect.

Elastography was performed using VTIQ mode. 
The probe was placed gently on the lesion, 
avoiding excessive pressure or interference 
from necrotic or liquefied areas. On a repre- 
sentative imaging plane, SWV values were 
measured, including the maximum (SWV max), 
minimum (SWV min), and the average SWV  
of peritumoral tissues (SWV peri-avg). Addi- 
tionally, the SWV ratio between the lesion and 
surrounding glandular tissue (SWVR lesion/
gland), as well as the SWVR max/min, were 
calculated.

taken after the patient’s admission but before 
surgery.

Primary and secondary outcomes

The primary outcomes were differences in 
ultrasound indicators among patients with dif-
ferent tumor sizes, the correlation between 
ultrasound indicators and tumor size, differ-
ences in inflammatory indicators among 
patients with different tumor sizes, and the cor-
relation between inflammatory indicators and 
tumor size. The tumor size prediction model 
was a secondary outcome.

Statistical analysis

All data were statistically analyzed using SPSS 
26.0 software. Measured data that conformed 
to a normal distribution were expressed as 
mean ± standard deviation, and the indepen-
dent sample t-test was used for comparison 
between groups. Data that were not normally 
distributed were expressed as median and 
interquartile range, and the Mann-Whitney U 
test was used for comparison between groups. 
Categorical variables were expressed as fre-

Figure 1. Flow chart for screening invasive ductal carcinoma (IDC) cases.

Neutrophil counts were de- 
rived from peripheral venous 
blood samples analyzed by  
an automated hematology 
analyzer (BC-760 CS, Min- 
dray). Serum CRP concentra-
tion was quantified using a 
clinical chemistry analyzer 
(BS-1000M, Mindray).

Data collection 

Data collection included ba- 
sic clinical information such 
as the patient’s age, edu- 
cational level, underlying dis-
eases, tumor size, tumor si- 
de and location. Data of  
neutrophils and CRP in the 
blood routine were extract- 
ed. Patients were divided into 
two groups of > 2 cm and ≤ 2 
cm based on the maximum 
diameter of the mass in the 
pathology report [18, 19]. 
Neutrophil and CRP data were 
obtained from test results 
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quencies and percentages and compared using 
the χ2 test or Fisher’s exact test, as appropri-
ate. In addition, Spearman correlation analysis 
was conducted to explore the relationships 
between selected continuous variables, tumor 
size, and inflammatory markers. To examine 
further the factors related to tumor size, uni-
variable logistic regression was performed for 
all demographic, ultrasound, and inflammatory 
variables. Variables with P < 0.10 were subse-
quently included in a multivariable logistic 
regression to identify independent predictors, 
with odds ratios (ORs) and 95% confidence 
intervals (CIs) reported. For clarity of results, 
we ultimately presented only variables with 
P-values < 0.05 in the multivariate logistic 
regression. A two-sided P-value < 0.05 was 

considered significant. We selected SWVR 
max/min as a representative predictor with a 
moderate effect size, and a post hoc power 
analysis (G*Power 3.1.9.7), based on its adjust-
ed OR of 1.75, event probability of 0.2, α = 
0.05, and total sample size of 218, indicated a 
statistical power of 94.6%, suggesting that the 
sample size was adequate to support the 
robustness of our findings.

Results

Comparison of baseline characteristics be-
tween tumor size groups

After screening, as shown in Figure 1, data 
from a total of 218 IDC patients were included 

Table 1. Comparison of baseline characteristics between ≤ 2 cm and > 2 cm tumor size groups
≤ 2 cm Group (n = 78) > 2 cm Group (n = 140) Test statistic P

Age 54.59 ± 9.96 55.03 ± 9.21 -0.33 0.744
BMI 20.67 ± 2.88 20.06 ± 3.02 1.46 0.147
Smoking 2.50 0.114
    No 50 (64.10) 104 (74.29)
    Yes 28 (35.90) 36 (25.71)
Alcohol Consumption 2.93 0.087
    No 69 (88.46) 111 (79.29)
    Yes 9 (11.54) 29 (20.71)
Menopause 2.69 0.101
    No 18 (23.08) 20 (14.29)
    Yes 60 (76.92) 120 (85.71)
Education Level 1.68 0.642
    Primary school or below 45 (57.69) 76 (54.29)
    Junior high school 20 (25.64) 31 (22.14)
    Senior high school 11 (14.10) 26 (18.57)
    College or above 2 (2.56) 7 (5.00)
Diabetes 0.28 0.597
    No 54 (69.23) 92 (65.71)
    Yes 24 (30.77) 48 (34.29)
Hypertension 1.20 0.273
    No 18 (23.08) 42 (30.00)
    Yes 60 (76.92) 98 (70.00)
Dyslipidemia 0.81 0.367
    No 50 (64.10) 81 (57.86)
    Yes 28 (35.90) 59 (42.14)
Coronary Heart Disease 0.96 0.326
    No 61 (78.21) 117 (83.57)
    Yes 17 (21.79) 23 (16.43)
History of Stroke 0.65 0.420
    No 63 (80.77) 119 (85.00)
    Yes 15 (19.23) 21 (15.00)
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Figure 2. Representative ultrasound pictures of the patients. A. Patient 1, female, 61 years old, had a mass located 
in the upper outer quadrant of the left breast, measuring 2.6×1.4×1.9 cm, with pathologic findings of invasive duc-
tal carcinoma. From left to right are shown conventional ultrasound (CUS), color Doppler flow imaging, and virtual 
touch tissue imaging quantification (VTIQ). CUS demonstrates an irregularly marginated mass; color Doppler reveals 
abundant blood flow signals within and around the lesion; VTIQ indicates that most of the lesion area is displayed as 
warm colors, suggesting relatively high stiffness, with the range of hardness slightly exceeding the grayscale bound-
ary. B. Patient 2, female, 58 years old, had a mass located in the upper inner quadrant of the left breast measuring 
2.4×1.8×1.4 cm, with pathologic findings of invasive ductal carcinoma. From left to right are shown CUS, color Dop-
pler flow imaging, and VTIQ. CUS demonstrates a relatively small mass with clear margins; color Doppler shows a 
few punctate and short strip-shaped blood flow signals within the lesion; VTIQ reveals warm colors in the central or 
partial areas of the lesion, while the periphery is predominantly yellow-green, and the range of hardness is largely 
confined within the grayscale boundary.

Table 2. Comparison of conventional ultrasound features between tumor size groups
≤ 2 cm Group (n = 78) > 2 cm Group (n = 140) Test statistic P

Tumor location 10.37 0.035
    Upper Inner Quadrant 18 (23.08) 15 (10.71)
    Lower Inner Quadrant 9 (11.54) 15 (10.71)
    Upper Outer Quadrant 32 (41.03) 85 (60.71)
    Lower Outer Quadrant 10 (12.82) 16 (11.43)
    Periareolar Area 9 (11.54) 9 (6.43)
Aspect ratio 2.48 0.115
    ≤ 1 68 (87.18) 110 (78.57)
    > 1 10 (12.82) 30 (21.43)
Posterior acoustic attenuation 0.08 0.773
    No attenuation 26 (33.33) 44 (31.43)
    Attenuation or Disappearance 52 (66.67) 96 (68.57)
Spiculated margin 0.92 0.337
    No 41 (52.56) 83 (59.29)
    Yes 37 (47.44) 57 (40.71)
Adler blood flow grading 8.75 0.003
    Grade 0-I 36 (46.15) 37 (26.43)
    Grade II-III 42 (53.85) 103 (73.57)
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Table 3. Comparison of contrast-enhanced ultrasound features between tumor size groups
≤ 2 cm Group (n = 78) > 2 cm Group (n = 140) Test statistic P

Enhancement intensity 5.71 0.017
    High enhancement 61 (78.21) 126 (90.00)
    Iso- or low enhancement 17 (21.79) 14 (10.00)
Enhancement speed 2.58 0.108
    Rapid 25 (32.05) 31 (22.14)
    Slow or absent 53 (67.95) 109 (77.86)
Enhancement pattern 2.54 0.281
    Centripetal 53 (67.95) 98 (70.00)
    Centrifugal 10 (12.82) 25 (17.86)
    Diffuse 15 (19.23) 17 (12.14)
Perfusion defect 0.80 0.371
    Absent 28 (35.90) 42 (30.00)
    Present 50 (64.10) 98 (70.00)
Post-enhancement size change 4.51 0.034
    Enlargement 55 (70.51) 116 (82.86)
    No change or reduction 23 (29.49) 24 (17.14)

Table 4. Comparison of virtual touch tissue imaging quantification (VTIQ) parameters between tumor 
size groups

≤ 2 cm Group (n = 78) > 2 cm Group (n = 140) Test statistic P
Shear wave velocity (SWV)max 6.00 (5.00, 6.80) 6.40 (5.07, 7.93) -2.13 0.033
SWVmin 2.70 (2.40, 3.00) 2.50 (2.20, 2.90) -1.60 0.110
SWVperi-avg 4.40 (3.82, 4.88) 4.70 (4.00, 5.20) -2.57 0.010
SWVRmax/min 2.29 (1.88, 2.58) 2.47 (1.96, 3.24) -2.62 0.009
SWVRlesion/gland 1.37 (1.11, 1.72) 1.38 (1.08, 1.82) -0.24 0.811

Figure 3. Correlation analysis between tumor size and virtual touch tissue imaging quantification (VTIQ) features. 
A. Scatter plot showing correlation between tumor size and shear wave velocity (SWV) max. B. Scatter plot showing 
correlation between tumor size and SWV min. C. Scatter plot showing correlation between tumor size and SWV peri-
avg. D. Scatter plot showing correlation between tumor size and SWVR max/min. E. Scatter plot showing correlation 
between tumor size and SWVR lesion/gland.
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in the analysis. According to the maximum 
tumor diameter, the enrolled IDC patients were 
divided into two groups: ≤ 2 cm (n = 78) and > 
2 cm (n = 140). As shown in Table 1, there  
were no significant differences between the 
two groups in terms of age, BMI, or education 
level (P > 0.05). As important lifestyle factors, 
the proportions of smokers and alcohol con-
sumers were slightly higher in the > 2 cm group, 
but the differences were not significant (P > 
0.05). Likewise, the proportion of postmeno-
pausal patients did not differ significantly 
between the two groups (P > 0.05). In addition, 
common geriatric comorbidities including dia-
betes mellitus, hypertension, dyslipidemia, cor-
onary artery disease, and history of stroke were 
also distributed close to each other between 
the two groups (all, P > 0.05). In summary, the 
results of this section indicate that the two 
groups of patients have similar baseline char-
acteristics, and were comparable for subse-
quent analysis.

Comparison of conventional ultrasound fea-
tures between tumor size groups

The ultrasound representative pictures of the 
patients are shown in Figure 2. As shown in 
Table 2, the features of CUS showed some dif-
ferences in the spatial distribution of tumors 
between the two groups of patients, with 
lesions in the > 2 cm group more often located 
in the outer upper quadrant, whereas the tumor 
locations of the patients in the ≤ 2 cm group 
were more dispersed, and this difference was 

statistically significant (P = 0.035). In terms of 
blood flow signals, Adler grading showed that 
the proportion of grade II-III blood flow in the > 
2 cm group was significantly higher than that in 
the ≤ 2 cm group (P = 0.003), suggesting that 
larger tumors may be associated with richer 
blood perfusion. However, for other features 
such as aspect ratio, posterior acoustic attenu-
ation, and spiculated margins, the distributions 
between the two groups were similar (P > 0.05).

Comparison of contrast-enhanced ultrasound 
features between tumor size groups

As shown in Table 3, differences were observed 
between the two groups in terms of CEUS 
parameters. Specifically, the proportion of 
lesions showing high enhancement was signifi-
cantly higher in the > 2 cm group compared to 
the ≤ 2 cm group (P = 0.017). Although the rate 
of enhancement and the pattern of enhance-
ment (centripetal, centrifugal, or diffuse) were 
distributed slightly differently between the two 
groups, the statistical differences were not sig-
nificant, nor were there any significant differ-
ences in the characteristics of the perfusion 
defects (all, P > 0.05). Notably, the proportion 
of individuals with post-enhancement range 
expansion was significantly higher in the > 2 cm 
group than in the ≤ 2 cm group (P = 0.034). This 
suggests that larger lesions exhibit more exten-
sive contrast expansion with CEUS.

Distribution of VTIQ parameters in different 
tumor size groups and correlation with tumor 
size

As shown in Table 4, in terms of VTIQ parame-
ters, SWV max values were significantly higher 
in the > 2 cm group than in the ≤ 2 cm group (P 
= 0.033), suggesting that the internal tissues  
of larger lesions may be more rigid. SWV peri-
avg and SWVR max/min were also significantly 
higher in the > 2 cm group (P = 0.010, P = 
0.009), indicating that the periphery of the  
larger lesions and the internal SWV changes 
were greater. Notably, there was no significant 
difference between the SWVR lesion/gland  
and SWVR min in either group (P > 0.05). 
Furthermore, as shown in Figure 3, Spearman’s 
correlation analysis revealed no significant cor-
relation between SWVR lesion/gland and tumor 
size (P > 0.05). In contrast, maximum tumor 
diameter was positively correlated with SWV 

Figure 4. Comparison of neutrophil count and C-reac-
tive protein (CRP) levels between tumor size groups. 
A. Results of neutrophil count. B. Results of CRP.
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max (r = 0.145, P = 0.032), SWV peri-avg (r = 
0.145, P = 0.033), and SWVR max/min (r = 
0.217, P = 0.001), and negatively correlated 
with SWV min (r = -0.149, P = 0.027).

Relationship between tumor size and inflam-
matory markers

We also analyzed systemic inflammatory mark-
ers between the two groups. As shown in Figure 
4, both neutrophil count and CRP levels were 
higher in the > 2 cm group compared to the ≤ 2 
cm group. The difference in CRP levels was sig-
nificant (P < 0.001), while the difference in neu-
trophil count approached significance (P = 
0.076). In addition, as shown in Figure 5, 
Spearman’s correlation analysis revealed that 
the maximum tumor diameter showed a posi-
tive correlation with CRP (r = 0.249, P = 
0.0002), whereas the correlation with neutro-
phil count was not significant (r = 0.102, P = 
0.132).

Correlation between VTIQ parameters and in-
flammatory markers

We further analyzed the correlations between 
ultrasound parameters and inflammatory mark-
ers. As shown in Figure 6, among the VTIQ 
parameters, only SWV peri-avg showed a sig-
nificant positive correlation with neutrophil 
count (r = 0.158, P = 0.019). Other parame- 
ters, including SWV max and SWVR max/min, 
were not significantly correlated with either 
neutrophil count or CRP levels (P > 0.05).  
The results suggest that the elastic character-
istics of breast cancer tumors may be affected 
by local inflammatory responses to some 
extent.

avg, SWVR max/min, and inflammatory mark-
ers such as neutrophils and CRP were associ-
ated with tumor size (P < 0.1). As shown in 
Table 7, in the multivariable logistic regression 
analysis, alcohol consumption (P = 0.034, OR = 
2.94), tumor location (Upper Outer Quadrant, P 
= 0.003, OR = 4.40), Adler blood flow grading 
(Grade II-III, P = 0.005, OR = 2.73), enhance-
ment intensity (Iso- or low-enhancement, P = 
0.008, OR = 0.29), post-enhancement size 
change (No change or reduction, P = 0.027, OR 
= 0.40), as well as SWV peri-avg (P = 0.006, OR 
= 1.75), SWVR max/min (P = 0.009, OR = 2.79), 
Neutrophils (P = 0.03, OR = 1.22), and CRP (P = 
0.005, OR = 1.12) remained significant.

Discussion

This study examined the relationship between 
ultrasound features, tumor size, and inflamma-
tory indicators in IDC patients. We assessed 
multimodal imaging parameters in breast can-
cer using CUS, CEUS, and VTIQ and combined 
them with hematologic inflammatory indica-
tors. We found that the larger tumor group 
exhibited significant differences in several 
ultrasound parameters compared to the small-
er tumor group. Some of these parameters 
were statistically correlated with the maximum 
tumor diameter. Meanwhile, there was a posi-
tive correlation between tumor size and CRP, 
and some VTIQ parameters showed a de- 
gree of correlation with inflammatory indexes. 
Furthermore, logistic regression analysis identi-
fied several independent predictors of larger 
tumor size, including tumor location, Adler 
blood flow grading, enhancement intensity, 
post-enhancement size change, SWV peri-avg, 
SWVR max/min, neutrophils, and CRP. These 

Figure 5. Correlation analysis between tumor size and systemic inflamma-
tory markers. A. Scatter plot showing correlation between tumor size and 
neutrophil count. B. Scatter plot showing correlation between tumor size and 
CRP levels.

Univariable and multivariable 
logistic regression analysis of 
factors associated with tumor 
size

The variable assignment in 
the regression analysis is 
shown in Table 5. As shown in 
Table 6, the univariable logis-
tic regression analysis, alco-
hol consumption, tumor lo- 
cation, Adler blood flow grad-
ing, enhancement intensity, 
post-enhancement size ch- 
ange, SWV max, SWV peri-
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results suggest that tumor size was closely 
related not only to morphological characteris-
tics but also to internal biological behavior and 
immune-inflammatory response.

As an important tool for breast cancer screen-
ing and initial diagnosis, CUS is valuable for 
assessing tumor morphology and classification 
[20]. In the present study, we found that larger 
tumors were more commonly found in the 
upper outer quadrant of the breast, which is 
consistent with previous reports, and the rea-
son for this may be related to the more complex 
structure of the mammary glands in this region 
[21, 22]. However, it is worth noting that an ear-
lier study by Lee et al. that included breast can-
cer patients showed a greater volume of tumors 
in the central quadrant, which warrants further 
investigation [23]. Regarding blood flow distri-
bution, prior studies have shown that in both 
renal cell carcinoma and breast cancer, larger 
tumors tend to present with higher Adler 
grades, this finding is understandable, as 
although larger tumors do not necessarily have 
stronger angiogenic capability, they generally 
possess richer blood supply [21, 24, 25]. In the 
present study, we found that patients with IDC 
whose tumor size was greater than 2 cm had 
significantly higher Adler grading than patients 
with smaller tumors, which is consistent with 
the aforementioned studies. It is noteworthy 
that parameters such as aspect ratio, spiculat-

ed margins, and posterior acoustic attenuation 
did not differ significantly between the two 
groups in our study. This may be because all 
enrolled patients had IDC, leading to a relative  
homogeneity of tumor type.

CEUS is capable of dynamically observing the 
microvascular perfusion and blood flow distri-
bution of a lesion, providing visual imaging of 
the tumor’s microenvironment [10, 20]. A previ-
ous study involving breast cancer patients 
reported that the enhancement intensity and 
range on ultrasound were significantly higher in 
patients with larger tumors compared to those 
with smaller tumors [26]. Meanwhile, a study 
analyzing 1059 patients found that tumor size 
was strongly correlated with the enhancement 
characteristics of CEUS, which was mainly de- 
monstrated by the fact that larger tumors 
showed higher enhancement intensity and 
wider enhancement range in CEUS [27]. In line 
with these findings, our study also demonstrat-
ed that patients in the larger tumor group had 
significantly higher rates of hyper-enhancement 
and post-enhancement range expansion com-
pared to the small tumor group. In addition, the 
increase in tumor size may lead to uneven dis-
tribution of the vascular system and internal 
necrosis, which may affect the enhancement 
pattern of CEUS [27]. In our study, no signifi-
cant differences were observed between the 
two groups in terms of enhancement patterns 

Figure 6. Correlation between VTIQ parameters and inflammatory markers. A. Scatter plot showing correlation be-
tween VTIQ parameters and Neutrocytes. B. Scatter plot showing correlation between VTIQ parameters and CRP.
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or perfusion defects. This suggests that these 
parameters may be influenced more by the 
homogeneity of the tumor’s internal vascular 
architecture than by tumor size alone. Overall, 
CEUS has unique advantages in evaluating 
tumor infiltration margins; however, the sensi-
tivity of certain CEUS parameters to tumor size 
requires validation in larger studies.

Elastography, as a new ultrasound technique 
that has developed rapidly in recent years, has 
shown good prospects in noninvasively assess-
ing tissue stiffness and reflecting the degree of 

tumor malignancy. Among its methods, VTIQ 
enables objective and quantitative evaluation 
of tissue elasticity by measuring SWV, providing 
important imaging evidence for distinguishing 
between benign and malignant tumors [28]. 
Previous studies have shown that SWV is sig-
nificantly positively correlated with tumor size 
and is also higher in triple-negative breast can-
cers and tumors with strong invasion [29]. In 
our study, we found that VTIQ parameters were 
significantly elevated in the larger tumor group, 
and all were positively correlated with tumor 
diameter, suggesting that larger tumors tend to 

Table 5. Variable assignment
Variable Coding Scheme Type Reference
Tumor Size 0 = ≤ 2 cm; 1 = > 2 cm Categorical variable 0
Age Original value (years) Continuous variable -
BMI Original value (kg/m2) Continuous variable -
Smoking 0 = No; 1 = Yes Categorical variable 0
Alcohol Consumption 0 = No; 1 = Yes Categorical variable 0
Menopause 0 = No; 1 = Yes Categorical variable 0
Education Level 1 = Primary school or below; 2 = Junior high 

school; 3 = Senior high school; 4 = College 
or above

Categorical variable 1

Diabetes 0 = No; 1 = Yes Categorical variable 0
Hypertension 0 = No; 1 = Yes Categorical variable 0
Dyslipidemia 0 = No; 1 = Yes Categorical variable 0
Coronary Heart Disease 0 = No; 1 = Yes Categorical variable 0
History of Stroke 0 = No; 1 = Yes Categorical variable 0
Tumor Location 1 = Upper Inner Quadrant; 2 = Lower Inner 

Quadrant; 3 = Upper Outer Quadrant; 4 = 
Lower Outer Quadrant; 5 = Periareolar Area

Categorical variable 1

Aspect Ratio 0 = ≤ 1; 1 = > 1 Categorical variable 0
Posterior Acoustic Attenuation 0 = No attenuation; 1 = Attenuation or  

Disappearance
Categorical variable 0

Spiculated Margin 0 = No; 1 = Yes Categorical variable 0
Adler Blood Flow Grading 0 = Grade 0-I; 1 = Grade II-III Categorical variable 0
Enhancement Intensity 0 = High enhancement; 1 = Iso- or low  

enhancement
Categorical variable 0

Enhancement Speed 0 = Rapid; 1 = Slow or absent Categorical variable 0
Enhancement Pattern 0 = Centripetal; 1 = Centrifugal; 2 = Diffuse Categorical variable 0
Perfusion Defect 0 = Absent; 1 = Present Categorical variable 0
Post-enhancement Size Change 0 = Enlargement; 1 = No change or reduction Categorical variable 0
SWV max Original value (m/s) Continuous variable -
SWV min Original value (m/s) Continuous variable -
SWV peri-avg Original value (m/s) Continuous variable -
SWVR max/min Original value Continuous variable -
SWVR lesion/gland Original value Continuous variable -
Neutrophils Original value (×109/L) Continuous variable -
CRP Original value (mg/L) Continuous variable -
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Table 6. Univariable logistic regression analysis of factors associated with tumor size
Variable β S.E. P OR (95% CI)
Age 0.00 0.01 0.742 1.00 (0.98-1.03)
BMI -0.07 0.05 0.148 0.93 (0.85-1.03)
Smoking
    No 1.00
    Yes -0.48 0.31 0.115 0.62 (0.34-1.12)
Alcohol Consumption
    No 1.00
    Yes 0.69 0.41 0.091 2.00 (0.89-4.48)
Menopause
    No 1.00
    Yes 0.59 0.104 1.80 (0.89-3.65)
Education Level
    Primary school or below 1.00
    Junior high school -0.09 0.34 0.802 0.92 (0.47-1.80)
    Senior high school 0.34 0.41 0.408 1.40 (0.63-3.10)
    College or above 0.73 0.82 0.376 2.07 (0.41-10.41)
Diabetes
    No 1.00
    Yes 0.16 0.30 0.597 1.17 (0.65-2.13)
Hypertension
    No 1.00
    Yes -0.36 0.33 0.274 0.70 (0.37-1.33)
Dyslipidemia
    No 1.00
    Yes 0.26 0.29 0.367 1.30 (0.73-2.30)
Coronary Heart Disease,
    No 1.00
    Yes -0.35 0.36 0.328 0.71 (0.35-1.42)
History of Stroke
    No 1.00
    Yes -0.30 0.37 0.421 0.74 (0.36-1.54)
Tumor location
    Upper Inner Quadrant 1.00
    Lower Inner Quadrant 0.69 0.55 0.206 2.00 (0.68-5.85)
    Upper Outer Quadrant 1.16 0.41 0.004 3.19 (1.44-7.07)
    Lower Outer Quadrant 0.65 0.53 0.222 1.92 (0.67-5.46)
    Periareolar Area 0.18 0.59 0.756 1.20 (0.38-3.79)
Aspect ratio
    ≤ 1 1.00
    > 1 0.62 0.40 0.119 1.85 (0.85-4.03)
Posterior acoustic attenuation
    No attenuation 1.00
    Attenuation or Disappearance 0.09 0.30 0.773 1.09 (0.60-1.97)
Spiculated margin
    No 1.00
    Yes -0.27 0.28 0.337 0.76 (0.44-1.33)
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exhibit increased stiffness both within and 
around the lesion. Notably, we found that SWV 
min was negatively correlated with tumor size, 
a result that is relatively rare in the existing lit-
erature. We speculate that this phenomenon 
may be due to necrosis, liquefied areas, or non-
solid tissue components commonly found in 
larger tumors, which result in lower SWV read-
ings on certain ultrasound views [30]. However, 
this proposed mechanism requires further vali-
dation, and caution should be exercised when 
interpreting these results. Additionally, there 
was no significant difference in SWVR lesion/
gland between groups, and it was not correlat-
ed with tumor size. This suggests that the het-
erogeneity of breast tissue structure may also 
influence this parameter.

Inflammatory responses are key factors in 
tumor initiation and progression. In breast can-
cer in particular, systemic inflammatory status 
has been shown to be closely associated with 
disease prognosis [31, 32]. In this study, CRP 

was found to be significantly elevated in the 
larger tumor group and positively correlated 
with tumor diameter, which is closely related to 
the fact that CRP reflects tissue damage and 
tumor-associated inflammatory state. Similar 
to our results, a previous study demonstrated 
that pro-inflammatory cytokines such as inter-
leukin-6 were significantly associated with 
tumor size and disease stage in type I endome-
trial carcinoma [33]. Further analysis revealed 
a positive correlation between SWV peri-avg 
and neutrophil count, suggesting a potential 
link between local tissue stiffness and the 
degree of inflammatory cell infiltration. This 
finding is in line with the biological mechanism 
whereby immune cells within the tumor mic- 
roenvironment promote extracellular matrix 
remodeling and tissue stiffening through the 
release of cytokines [34]. However, no signifi-
cant association was observed between the 
remaining VTIQ parameters and inflammation 
indicators. This suggests that, although ultra-
sound elastography can reflect tissue state, its 

Adler blood flow grading
    Grade 0-I 1.00
    Grade II-III 0.87 0.30 0.003 2.39 (1.33-4.27)
Enhancement intensity
    High enhancement 1.00
    Iso- or low enhancement -0.92 0.39 0.019 0.40 (0.18-0.86)
Enhancement speed
    Rapid 1.00
    Slow or absent 0.51 0.32 0.110 1.66 (0.89-3.09)
Enhancement pattern
    Centripetal 1.00
    Centrifugal 0.30 0.41 0.463 1.35 (0.60-3.03)
    Diffuse -0.49 0.39 0.213 0.61 (0.28-1.32)
Perfusion defect
    Absent 1.00
    Present 0.27 0.30 0.372 1.31 (0.73-2.35)
Post-enhancement size change
    Enlargement 1.00
    No change or reduction -0.70 0.33 0.035 0.49 (0.26-0.95)
SWVmax 0.15 0.08 0.051 1.17 (1.00-1.36)
SWVmin -0.41 0.27 0.131 0.66 (0.39-1.13)
SWVperi-avg 0.42 0.17 0.013 1.52 (1.09-2.10)
SWVRmax/min 0.60 0.20 0.002 1.82 (1.24-2.67)
SWVRlesion/gland 0.11 0.28 0.690 1.12 (0.65-1.93)
Neutrophils 0.13 0.07 0.062 1.14 (0.99-1.32)
CRP 0.13 0.04 < 0.001 1.14 (1.06-1.22)
OR: odds ratio, CI: confidence interval.
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correlation with systemic inflammation state is 
unstable. Further study of joint detection of 
local cytokines may be warranted.

However, this study had certain limitations. 
First, as a single-center retrospective study, it 
was difficult to avoid potential selection bias. 
Second, the acquisition of ultrasound parame-
ters was dependent on operator experience, 
and although it was done by a senior physician, 
it was still difficult to completely exclude sub-
jective errors. Third, the CEUS features ana-
lyzed were primarily qualitative or semi-quanti-
tative. As such, correlating these features with 
continuous variables like tumor size and inflam-
matory markers was not methodologically pur-
sued. Fourth, this study did not include cross-
validation of the imaging findings with biologi-
cal markers such as Ki-67, which limits a deep-
er interpretation of the tumor’s biological 
behavior. In addition to the above limitations, 
future studies could consider incorporating 
multicenter data and tracking tumor progres-
sion and treatment response to further explore 

the causal relationships between various ultra-
sound features and the prognosis of IDC.

Conclusion

This study preliminarily established the associ-
ations between tumor size, imaging features, 
and immune status from the perspectives of 
ultrasound imaging and inflammation, provid-
ing theoretical support for the diagnosis and 
treatment of IDC.

Acknowledgements

This work was supported by Jilin Provincial 
Department of Education Project (JJKH2020- 
0064KJ).

Disclosure of conflict of interest

None.

Address correspondence to: Xiao-Hong Liu, De- 
partment of Ultrasound, The Affiliated Hospital of 
Bei-Hua University, No. 12 Jiefang Middle Road, 

Table 7. Multivariable logistic regression analysis of factors associated with tumor size
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