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Correlation of paracancerous area ultrasound characteristics and
the 21-gene recurrence score: the clinical value for early-stage
luminal A invasive breast cancer
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Background: Ultrasound (US) is routinely used in breast cancer assessment, but the prognostic
significance of paracancerous US features remains unclear. The 21-gene recurrence risk score (RS) is widely
used to evaluate recurrence risk in patients with luminal A invasive breast cancer. This study aimed to clarify
the association between US characteristics of the paracancerous area (PA) and RS in patients with early-stage
luminal A invasive breast cancer.

Methods: A retrospective analysis was employed to examine the clinical, pathological, and 21-gene RS data
of 194 patients with early-stage luminal A invasive breast cancer. All patients underwent surgical treatment
with histopathologically confirmed outcomes. US characteristics of the PA were analyzed, including
conventional US (margin, echogenic halo, and peritumoral vascularity), elastography (UE) (enlarged stiff
area and elastic strain ratio), and contrast-enhanced US (CEUS) [boundary, penetrating vessels, enhancement
intensity, enhancement scope, radial peripheral perfusion, peak intensity (PI), the time to peak (T'TP), mean
transit time (MTT), sharpness, area under the curve (AUC), area under the wash-in curve, and area under
the washout curve]. Patients were categorized based on the RS score into a high-recurrence risk group (RS
>25) and a low-recurrence risk group (RS <25). A logistic regression analysis model was used to assess the
correlation between paracancerous US features and different recurrence risk groups based on RS.

Results: A comparison between the RS <25 and RS >25 groups revealed significant differences. The
incidence of echogenic halo was 78.8% (41/52) in the RS >25 group and 55.6% (79/142) in the RS <25
group (P=0.003). The presence of an enlarged stiff area was observed in 76.9% (40/52) of patients in the RS
>25 group, which was significantly higher than the 56.3% (80/142) in the RS <25 group (P=0.009). CEUS
showed that the rates of enhancement scope and radial peripheral perfusion were 82.7% (43/52) (P=0.010)
and 65.4% (34/52) (P=0.047) in the RS <25 group, respectively, which were significantly higher than those
in the RS >25 group. Meanwhile, the RS >25 group exhibited higher PI values (P=0.038) and lower time-
to-peak values (P=0.030) compared to the RS <25 group. Logistic regression analysis identified echogenic
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halo, margin, enlarged stiff area, enhancement scope, and PI values as independent diagnostic factors for RS
>25. In the combined logistic regression analysis, the predicted AUC for RS >25 was 0.815 (P<0.001), with a

sensitivity of 0.750 and a specificity of 0.803.

Conclusions: The combined assessment of the PA using conventional US, UE, and CEUS holds

significant value for preoperative evaluation and postoperative prognostic prediction.
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Introduction

Breast cancer, the most prevalent cancer among women
globally, has an annual incidence exceeding 20,000 cases (1),
accounting for about 25% of all female cancers (2). In
recent years, due to continuous advancements in diagnostic
and therapeutic technologies, breast cancer management has
entered the era of molecular subtyping. Estrogen receptor
(ER)-positive, human epidermal growth factor receptor
2 (HER2)-negative luminal A breast cancer accounts for
approximately 70% of breast cancer cases and represents
the most common molecular subtype (3,4). When managed
effectively, patients with this subtype exhibit the highest
survival rates among all subtypes.

Over the past decade, there have been significant
shifts in the diagnostic and treatment approaches for
breast cancer. The conventional anatomical staging and
histological classification used for breast cancer can no
longer meet the demands for precise prognostic assessment
and individualized treatment decisions due to the highly
heterogeneous molecular nature of the disease. With
the rapid development of high-throughput gene analysis
technologies, various multigene expression profiles for
breast cancer have been gradually introduced into clinical
practice. The Oncotype DX Breast recurrence risk score
(RS) based on the 21-gene assay has been validated for
assessing long-term recurrence risk in patients with luminal
A breast cancer and guiding chemotherapy decisions (5-8),
showing significant correlation with local recurrence
risk (9). However, conducting the 21-gene test for all
patients with early-stage luminal A invasive breast cancer
involves substantial costs (10), and there is a scarcity of
research exploring cost-saving strategies (11).

The development of a noninvasive, convenient, and cost-
effective preoperative assessment has garnered increased
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attention. Ultrasound (US) is a simple, radiation-free,
noninvasive method. Real-time imaging technique is the
preferred method for breast cancer screening and diagnosis
in women. Conventional US, elastography (UE), and
contrast-enhanced US (CEUS) are widely accepted and
recognized by patients and clinicians as common methods
for detecting breast lesions and evaluating the efficacy of
chemotherapy. Preliminary studies have indicated that
both US imaging features and molecular expression in the
paracancerous area (PA) of breast cancer differ from those
in the tumor area (12-15). However, research on the US
imaging features of the PA and their association with tumor
prognosis is limited (16).

Therefore, with this context, we investigated the clinical
significance of US imaging features in the PA and the RS
in breast tumors. The aim of this study was to clarify the
correlation between RS and information extracted from
paracancerous US, UE, and CEUS imaging characteristics.
The aim was to predict the recurrence risk of early-stage
luminal A invasive breast cancer through US features.
We present this article in accordance with the STARD
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-2025-870/rc).

Methods
Patients

Patients diagnosed with early-stage invasive breast cancer by
surgical pathology from October 2020 to September 2022
at Ruijin Hospital, Lu Wan Branch, and who underwent
diagnostic breast US and subsequent 21-gene testing were
consecutively included.

The other inclusion criteria were as follows: (I) invasive
breast cancer; (II) administration of either breast-conserving
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Figure 1 Images from a 44-year-old woman with early-stage luminal A invasive breast cancer. (A) US characteristics in PA. The red arrows

indicate an echogenic halo in the PA, a characteristic reflective area surrounding the tumor. (B) US characteristics in PA. The green arrow

points to peritumoral vascularity, highlighting the blood vessels adjacent to the tumor. (C) UE characteristics in PA. The black arrows

denote an enlarged stiff area, suggesting a region of increased tissue rigidity. (D) CEUS characteristics in PA. The blue arrows illustrate the

scope of enhancement, likely indicating areas of increased blood flow or cellular activity as seen on the imaging enhancement scope. CEUS,

contrast-enhanced ultrasound; PA, paracancerous area; UE, elastography; UA, ultrasound.

surgery or radical surgical treatment; (III) ER-positive and
HER2-negative status; (IV) preoperative US, UE, and
CEUS; and (V) postoperative 21-gene RS testing.

Meanwhile, the exclusion criteria were as follows: (I) pT
staging of Tis, Tla, or T4; (II) pN staging of N2 or N3;
(IIT) metastatic breast cancer; and (IV) administration of any
form of neoadjuvant therapy before surgery.

US examination

Instruments, contrast agents, and imaging methods

The US examination was conducted with the Aplio500
US diagnostic system (Canon Medical Systems Corp.,
Otawara, Japan) equipped with a linear array transducer
operating within a frequency range of 10.0-18.0 MHz. This
apparatus features strain UE technology, real-time contrast
imaging capabilities, and incorporates time-intensity curve
(TIC) analysis software for postcontrast TIC analysis. The
contrast mode employs a mechanical index spanning from
0.06 to 0.08. The contrast agent employed was a second-
generation US contrast agent, SonoVue (Bracco, Italy),
administered as a bolus injection of 4.8 mL through the
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antecubital vein, which was followed by a 10 mL saline
flush.

Image analysis

All examinations were conducted by two radiologists,
each possessing over 10 years of experience in breast
US and CEUS. In case of any discrepancies, a third
radiologist, specializing in breast CEUS for 15 years,
reviewed the imaging data independently. Consensus was
reached through joint review and discussion to resolve
any disparities. All radiologists were blinded to patient
information and other imaging results.

Conventional US assessment was conducted following
the guidelines of the American College of Radiology’s Breast
Imaging Reporting and Data System (BI-RADS). Since this
study focused on the PA, the evaluation of suspected lesions
mainly included tumor size (maximum diameter), margin
definition (circumscribed or not circumscribed), presence
of echogenic halo (present or absent) (Figure 1A4), and
peritumoral vascularity (present or absent) (Figure 1B).

For UE assessments, we used the Breast Strain UE
Evaluation Methods and Optimal Thresholds outlined
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in the 2018 European Federation of Societies for US
in Medicine and Biology (EFSUMB) Guidelines and
Recommendations on the Clinical Use of US UE (17).
The process entailed computing the ratio derived from
the lesion size observed in UE divided by the lesion size
as identified in B-mode US (E/B ratio). The evaluation
was aimed at identifying suspected lesion areas with an
enlarged, stiff area (Figure 1C). A ratio greater than 1 was
considered to indicate the presence of an enlarged stiff area,
while a ratio of 1 or less indicated an absence. Additionally,
the assessment extended to measuring the elastic strain
ratio between the 1 cm periphery around the tumor’s edge
and the distant normal tissue (comprising glandular tissue
and surrounding fat tissue), with 3 serving as the critical
threshold. Measurements were obtained three times to
derive an average value for accuracy.

CEUS evaluation included an analysis of both qualitative
and quantitative parameters. Qualitative parameters
included the peritumoral zone boundary (clear or blurred),
penetrating vessels (present or absent), enhancement
intensity (hypoenhancement or not), enhancement
scope [enlarged or not; enlargement scope was defined
as an increase of >3 mm in length or width as compared
to conventional US measurements (18-20)], and radial
peripheral perfusion (present or absent; radial peripheral
perfusion was defined as a spoke-wheel pattern extending
outward from the lesion (21,22) (Figure 1D).

Quantitative parameters were derived from the analysis
of the TIC in the PA, with a specific focus on the area
under the curve (AUC). These parameters included the
following: (I) peak intensity (PI), maximum intensity of the
TIC; (I) TTP, the time needed to reach PI from the time
the first microbubble reached the lesion; (III) sharpness, the
maximum wash-in velocity; IV) M'T'T, the time for which
intensity is higher than the mean value; and (V) AUC, the
area formed between the TIC and the horizontal axis. The
curve to the left of the PI’s projection on the horizontal axis,
showing an ascending trend, is the wash-in curve, with its
area referred to as the area under the wash-in curve (AWI);
the curve to the right, showing a descending trend, was the
washout curve, with its area referred to as the area under
the washout curve (AWO).

For pathological diagnosis, 21-gene assay, and RS, all
pathological results were diagnosed according to the eighth
edition of the American Joint Committee on Cancer (AJCC)
standards for histological grading and clinical staging of
tumors (23). The 21-gene testing involved the assessment
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of the expression levels of 21 genes associated with breast
conditions from breast tissue specimens obtained from
the Pathology Department via real-time quantitative
polymerase chain reaction (RT-qPCR) technology.
Subsequently, the RS was calculated. The 21-gene RS
assessment was conducted according to the National
Comprehensive Cancer Network (NCCN) guidelines, St.
Gallen consensus, American Society of Clinical Oncology
(ASCO) guidelines, and the TAILORx and RxPONDER
studies (24,25). Patients were stratified based on the RS
scoring results (low-recurrence risk group with RS <25 and
high-recurrence risk group with RS >25).

This study was conducted in accordance with the
Declaration of Helsinki and its subsequent amendments,
and was approved by the Institutional Review Board (IRB)
of Ruijin Hospital Lu Wan Branch, Shanghai Jiao Tong
University School of Medicine (No. LWEC2020026).
Patients provided written informed consent to participate in
the study before US examinations.

Statistical analysis

Data analysis was conducted with SPSS 25.0 (IBM Corp.,
Armonk, NY, USA) and Excel 2016 (Microsoft Corp.,
Redmond, WA, USA). Quantitative data (such as PI and
MTT) are expressed as the mean = standard deviation and
were statistically analyzed via the independent samples #-test.
Categorical data (such as margins and high-echo halos) are
expressed as numbers with percentages and analyzed with
the chi-squared (i) test. Receiver operating curve (ROC)
curve analysis was performed on variables that differed
in the multivariate logistic regression, with GraphPad
Prism 8 (Dotmatics, Boston, MA, USA) used for ROC
curve plotting. In this study, a P value of less than 0.05 was
considered statistically significant.

Results
Patients’ clinical data

A total of 194 patients with early-stage luminal A invasive
breast cancer were recruited in this study (Zable I), including
182 cases of invasive ductal carcinoma, 5 cases of invasive
lobular carcinoma, and 7 cases of papillary carcinoma. All
patients were female, ranging in age from 22 to 77 years,
with an average age of 47+13.20 years. The maximum
tumor diameters ranged from 6.7 to 55.6 mm, with an
average of 20.45£13.65 mm.
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Table 1 Characteristics of patients and breast lesions

Value (n=194)

Baseline characteristic

Patient characteristic

Age (years)

<40 28 (14.4)
40-49 77 (39.7)
50-59 54 (27.8)
>60 35 (18.0)

Menopausal status

Premenopausal 105 (54.1)
Postmenopausal 89 (45.9)
Histological type
Invasive ductal carcinoma 182 (93.8)
Invasive lobular carcinoma 5(2.6)
papillary carcinoma 7 (3.6)
BI-RADS of lesions
3 1(6.2)
4A 38 (26.0)
4B 39 (29.2)
4C 12 (20.8)
5 2(18.8)

Size (mm) 20.45+13.65 (6.7-55.6)

Data are presented as n (%) or mean + standard deviation (min,
max). BI-RADS, Breast Imaging Reporting and Data System.

Breast cancer PA US characteristics of the RS groups

In the conventional US presentation of the PA in breast
cancer, a significant difference was observed in the incidence
of echogenic halos (Figure 14), with 78.8% (41/52) in the
RS >25 group and 55.6% (79/142) in the RS <25 group
(P=0.003). No significant differences were found between
the groups in terms of margin (P=0.326) or peritumoral
vascularity (P=0.531) in the PA (1able 2).

In UE, the proportion of an enlarged stiff area in the
PA was 76.9% (40/52) in the RS >25 group, which was
significantly higher than the 56.3% (80/142) in the RS <25
group (P=0.009) (Figure 1C). However, the elastic strain
ratio in the PA showed no significant difference between the
groups (P=0.588).

In CEUS, the incidence of patients showing enlarged
enhancement scope was significantly higher in the RS >25
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group (43/52, 82.7%) than in the RS <25 group (P=0.010)
(Figure 1D), as was radial peripheral perfusion (65.4%,
34/52) (P=0.047). No significant differences between the
two groups were noted in terms of boundary (P=0.139),
penetrating vessels (P=0.562), or enhancement intensity
(P=0.276). In terms of quantitative parameters, the RS >25
group exhibited higher PI values (P=0.038) and lower TTP
values (P=0.030) compared to the RS <25 group, while
other characteristics including MT'T (P=0.244), sharpness
(P=0.111), AUC (P=0.719), AWI (P=0.365), and AWO
(P=0.883) showed no significant differences between the
two groups.

The correlation between breast cancer PA US features and
RS

As indicated in 7able 3, a multivariate logistic regression
analysis was conducted to identify the independent
risk factors for RS >25. The final results indicated that
compared to patients with circumscribed margins, those
with noncircumscribed margins had a significantly
increased likelihood of presenting with an RS >25 [95%
confidence interval (CI): 0.108-0.726]. Patients exhibiting
an echogenic halo in US had a 4.700-fold (95% CI: 2.331-
13.937) increased risk of having RS >25 as compared to
those without an echogenic halo. Patients with an enlarged
stiff area in UE exhibited a 4.444-fold increased risk (95%
CI: 2.204-13.446) of having an RS >25 as compared to
those without such findings. Among CEUS features, the
absence of hypoenhancement intensity was linked to a
1.899-fold increased risk (95% CI: 1.069-7.862) of an RS
>25 as compared to the presence of hypoenhancement
intensity. Additionally, the presence of enhancement scope,
as compared to its absence, was associated with a 3.694-fold
increased risk (95% CI: 1.831-12.030) of an RS >25. The
quantitative parameter, P, was identified as an independent
diagnostic factor for an RS >25.

The six indicators correlated with RS in the multivariate
regression analysis were included in the ROC curve analysis.
In a logistic regression combined analysis, the AUC for
RS >25 was predicted to be 0.815, with a 95% CI ranging
from 0.746 to 0.883 (P<0.001). The model demonstrated a
sensitivity of 75.0% and a specificity of 80.3% (Figure 2).

Discussion

In recent years, advances in imaging technology have
allowed for a greater number of early-stage breast cancers
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Table 2 Comparison of breast cancer PA ultrasound characteristics between the RS groups

Characteristic RS <25 (n=142) RS >25 (n=52) v/t P
Margin 0.966 0.326
Circumscribed 37 (26.1) 10 (19.2)
Noncircumscribed 105 (73.9) 42 (80.8)
Echogenic halo 8.692 0.003
Present 79 (55.6) 41 (78.8)
Absent 63 (44.4) 11(21.2)
Peritumoral vascularity 0.393 0.531
Present 100 (70.4) 39 (75.0)
Absent 42 (29.6) 13 (25.0)

UE assessment

Enlarged stiff area 6.836 0.009
Present 80 (56.3) 40 (76.9)
Absent 62 (43.7) 12 (23.1)

Elastic strain ratio 0.293 0.588
<3 96 (67.6) 33 (63.5)
=3 46 (32.4) 19 (36.5)

CEUS assessment

Boundary 2.193 0.139
Clear 19 (13.4) 3(5.8)
Blurred 123 (86.6) 49 (94.2)
Penetrating vessels 0.336 0.562
Present 121 (85.2) 46 (88.5)
Absent 21 (14.8) 6 (11.5)
Enhancement intensity 1.189 0.276
Hypoenhancement 110 (77.5) 44 (84.6)
Not hypoenhancement 32 (22.5) 8 (15.4)
Enhancement scope 6.585 0.010
Enlarged 90 (63.4) 43 (82.7)
Not enlarged 52 (36.6) 9(17.3)
Radial peripheral perfusion 3.971 0.047
Present 70 (49.3) 34 (65.4)
Absent 72 (50.7) 18 (34.6)
Pl 3.52+1.00 3.75+0.49 -2.095 0.038
TTP (s) 6.50+1.71 5.88+1.93 2.183 0.030
MTT (s) 31.88+4.15 32.67+4.28 -1.168 0.244

Table 2 (continued)
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Table 2 (continued)

Li et al.

US traits and 21-gene score in early-stage luminal A breast cancer

Characteristic RS <25 (n=142) RS >25 (n=52) ¥/t P

Sharpness (a.u./s) 1.23+0.06 1.25+0.08 -1.613 0.111
AUC (a.u.-s) 130.68+8.44 131.20+9.88 -0.361 0.719
AWI (a.u.-s) 8.80+1.35 9.11+2.31 -0.913 0.365
AWO (a.u.-s) 121.88+8.40 122.09+9.41 -0.147 0.883

Data are presented as n (%) or mean =+ standard deviation. AUC, area under the curve; AWI, area under the wash-in curve; AWO, area
under the washout curve; CEUS, contrast-enhanced ultrasound; MTT, mean transit time; PA, paracancerous area; Pl, peak intensity; RS,

recurrence risk score; TTP, time to peak; UE, elastography.

Table 3 Correlation between breast cancer PA ultrasound features and RS

95% ClI
Characteristic OR
Lower Upper

Margin

Circumscribed 1.00 (reference)

Noncircumscribed 3.57 0.108 0.726
Echogenic halo

Absent 1.00 (reference)

Present 5.700 2.331 13.937
Enlarged stiff area

Absent 1.00 (reference)

Present 5.444 2.204 13.446
Enhancement intensity

Hypoenhancement 1.00 (reference)

Not hypoenhancement 2.899 1.069 7.862
Enhancement scope

Absent 1.00 (reference)

Present 4.694 1.831 12.030
PI 2.391 1.509 3.789

Cl, confidence interval; OR, odds ratio; PA, paracancerous area; Pl, peak intensity; RS, recurrence risk score.

to be detected, making preoperative treatment choices
and prognosis prediction particularly important. However,
research on the US characteristics related to the prognosis
of patients with luminal A breast cancer remains scarce. Our
study sought to determine the association of US features
of the PA in breast cancer with the 21-gene RS to predict
the prognosis of breast cancer. The findings demonstrated
that the US features of the PA differ significantly between
the RS <25 and RS >25 groups among patients with early-
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stage luminal A invasive breast cancer. Logistic regression
analysis identified echogenic halo, margin, enlarged stiff
area, enhancement intensity, enhancement scope, and PI
values as independent diagnostic factors for the RS >25.
In the combined logistic regression analysis, the predicted
AUC for RS >25 was 0.815, with a sensitivity of 0.750 and a
specificity of 0.803.

Our study found that the incidence of echogenic halo
was 78.8% in the RS >25 group as compared to 55.6% in
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Figure 2 The area under the ROC curve of the logistic regression
equation was 0.815, with a specificity of 0.803 and a sensitivity of

0.750. ROC, receiver operating characteristic.

the RS <25 group (P<0.05). In the multivariate analysis,
patients with noncircumscribed margins were 3.57 times
more likely to have an RS >25 than were those with
circumscribed margins. Li er /. (26) reported that the
presence of a high-echo halo surrounding breast cancer
is a significant predictor of malignancy. The visibility
of this halo is inversely correlated with the level of
differentiation of the cancer cells (27). Based on the level
of cellular differentiation, tumors are categorized into
well-differentiated, moderately differentiated, and poorly
differentiated types, with prognosis worsening progressively.
Malignant tumors are often characterized by the absence
of the basement membrane and rapid cellular proliferation.
The rapidly proliferating cells release endothelial growth
factors and induce the release of vascular permeability
factors, which may explain the occurrence and development
of focal edema around malignant tumors. This manifests
in US images as an echogenic halo and noncircumscribed
margins. Pathologically, tumors with poorer differentiation
exhibit a greater severity of pathological changes in their
surroundings, thereby correlating with an increased risk of
RS recurrence.

Multiple studies have confirmed that in the assessment of
UE, the paracancerous tissue may exhibit areas of increased
stiffness (28,29) or present with a “stiff rim” sign (30,31). In
our study, the occurrence of enlarged stiff areas was 76.9%
(40/52) in the RS >25 group, significantly higher than
the 56.3% in the RS <25 group (P<0.05). Pathologically,
the biological basis at the edges of the tumor mass is
associated with the proliferative response, proportion, and
arrangement of the fibrous connective tissue surrounding
the tumor (32). Cancer-associated fibroblasts at the tumor
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margin play a critical role in tumor progression. They
interact with cancer cells through paracrine signaling
by secreting various growth factors and cytokines. This
interaction promotes continuous tumor growth and
invasion, facilitates distant metastasis, and induces immune
suppression. In addition, these fibroblasts participate in
the induction of epithelial-mesenchymal transition, which
further enhances the migratory and invasive capabilities
of tumor cells. It has been found that the deposition of
collagen fibers and the infiltration of myofibroblasts in the
peritumoral tissue are closely related to the occurrence
and progression of breast cancer (33). The tumor
microenvironment is predominantly characterized by the
malignant stromalization and heterogeneous angiogenesis,
with the margin zone exhibiting features of invasive growth
(34,35), all of which play a significant role in the invasion
and metastasis of tumor cells. The interstitial infiltration
of cancer cells contributes to increased stiffness in the
PA. Consequently, the US reveals an expanded area of
stiffness surrounding the tumor mass. This may explain
the association between a higher risk of recurrence and the
presentation of increased stiffness in the PA.

Our study indicates that for CEUS images, the RS >25
group exhibited enlarged enhancement scope and radial
peripheral perfusion at rates of 82.7% (43/52) and 65.4%
(34/52), respectively, significantly higher than those in the
RS <25 group. Additionally, the PI values were higher in the
RS >25 group, while the TTP values were lower (P<0.05).
The peritumoral infiltration zone figures prominently
in the tumor immune microenvironment framework of
breast cancer development and progression. In this zone, a
significant production of vascular endothelial growth factor
stimulates the proliferation of new blood vessels. This
vascular proliferation manifests as radiating or intertwining
vessels around the tumor’s periphery, with some vessels
branching through the tumor area itself. Certain rapidly
growing segments of the tumor require an increased blood
supply, which leads to the development of prominent
feeding vessels in the PA (36). These vessels contribute
to enhanced proliferative activity, resulting in an elevated
microvessel density (MVD) in the vicinity of the tumor (37).
Since CEUS is based on microvascular perfusion, the PA on
CEUS typically shows an expanded area of enhancement.
These processes are not only the physical basis for tumor
growth and dissemination but also a significant part of
the regulation and interaction within the tumor immune
microenvironment. Cases with radial peripheral perfusion
in the PA are more frequent, and those with higher
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proliferative activity have an increased risk of recurrence,
with a higher proportion exhibiting peripheral perfusion
characteristics. Consequently, cases with a higher risk
of recurrence tend to exhibit shorter peak times and
higher PI in contrast perfusion, aligning with the findings
of Jia et al. (38).

This study involved certain limitations due to its single-
center design. In the future, if possible, we will increase the
sample size and obtain samples from multiple centers to
reduce research bias. Additionally, our analysis focused on
imaging features and did not incorporate clinical parameters
such as tumor grade, lymph node status, or Ki-67 index.
As the dataset grows, we plan to include a wider range
of clinical factors to develop a more comprehensive and
reliable predictive model.

Conclusions

The US evaluation of the PA can be valuable for
preoperative assessment and prognostic prediction.
Consequently, for patients exhibiting these US features,
clinicians should be particularly wary and potentially adopt
more aggressive therapeutic strategies, along with enhanced
postoperative surveillance and regular follow-up.
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