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Background: Breast carcinoma (BC) threatens the physical and mental health of women worldwide, and early diagnosis is important
for improving patient outcomes and ensuring successful treatment.

Purpose: This research mainly aims to compare and analyze the value of molybdenum target X-ray and high-frequency color Doppler
flow imaging (CDFI) in the early diagnosis of BC.

Methods: First, 102 patients with suspected early-stage BC (ESBC) admitted to Henan Provincial People’s Hospital were examined
by molybdenum target X-ray and CDFI. Based on the pathological findings, the diagnostic efficiency data of the two diagnostic
modalities such as positive detection rate (PDR), positive predictive value (PPV), negative predictive value (NPV), sensitivity (SEN),
specificity (SPE), and accuracy (ACC), as well as imaging information like masses, microcalcifications (MCs), axillary lymph node
(LN) metastases, and blood flow signal or vascular sign abnormalities were analyzed.

Results: CDFI contributed to higher PDR, PRV, NPV, SEN, and ACC than molybdenum target X-ray in ESBC diagnosis, but similar
SPE. The combined diagnosis of molybdenum target X-ray plus CDFI contributed to even higher PDR, PRV, NPV, SEN, and ACC
than molybdenum target X-ray alone and higher ACC than CDFI. Imaging inspection revealed that the number of cases of masses,
axillary LN metastases, and abnormalities in blood flow signals or vascular signs detected by CDFI was significantly higher than that
by molybdenum target X-ray, while the number of MCs was significantly lower.

Conclusion: Molybdenum target X-ray plus CDFI is more effective in the diagnosis of ESBC and plays a complementary role in
imaging examination, which can synergistically improve the diagnostic ACC of ESBC and is worthy of clinical promotion.
Keywords: molybdenum target X-ray, high-frequency color Doppler flow imaging, breast carcinoma, early diagnosis

Introduction

Breast carcinoma (BC), a common heterogeneous tumor that threatens women’s physical and mental health all over the
world, is influenced by age, obesity, smoking, alcohol consumption, family history, and use of oral contraceptives.'
Worldwide, there are approximately 2.1 million females diagnosed as BC each year and 630,000 associated deaths.*
Early diagnosis of BC, of no doubt, is conducive to improving survival outcomes and the probability of successful
treatment in such patients.’ Moreover, early monitoring is of great value in understanding BC progression and predicting
the treatment response, allowing for effective and timely adjustment of treatment.”’ Thus, exploring the early diagnosis
of BC is beneficial to reduce mortality in BC patients and improve the chance of survival.

Molybdenum target X-ray is an imaging technique that uses molybdenum target X-ray machine to take pictures of the
patient’s breast in oblique and axial planes, which can obtain information about the shape, margin, density, calcification
and axillary lymph nodes (LNs) of the patient’s breast mass.® This examination technique has the advantages of non-
invasiveness and high resolution, with important guiding value in early diagnosis and prognosis evaluation of BC.” But it
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also has some shortcomings such as poor penetrability and difficulty in distinguishing deep and high lesions, which limits
its diagnostic accuracy (ACC) in breast lesions and pathological properties.'*!! High-frequency color Doppler flow
imaging (CDFI) is another imaging inspection system that collects information such as the location, size, relationship
with surrounding tissues and blood flow of the lesions by examining the lesions in different planes of the breast, which
can effectively determine the nature of the lesions and distinguish the benign and malignant breast tumors.'*'® This
technique can also be applied to assess the response of tumor xenografts in nude mice to early antiangiogenic therapy.'*
Its drawbacks lie in the difficulty in distinguishing small lesions with unclear echoes and microcalcifications (MCs), as
well as the difficulty in screening for ductal carcinoma in situ.'> Molybdenum target X-ray has good diagnostic ability for
early lesion morphology and microcalcification foci of BC, which can just make up for the shortcomings of CDFIL.'®
Therefore, we believe that the combination of the two may have a synergistic effect on the early diagnosis of BC.

At present, the clinical application of molybdenum target X-ray plus CDFI in early diagnosis of BC is rarely reported.
We speculate that the two approaches can synergistically improve the diagnosis efficiency in early diagnosis of BC, so
we conduct relevant research and report it as follows.

Patients and Methods

Baseline Data

One hundred and two cases of suspected early-stage BC (ESBC) examined by molybdenum target X-ray and CDFI and
treated in the Henan Provincial People’s Hospital were selected. Patients’ general data (age, course of disease, tumor
diameter, etc.) can be found in Table 1. This retrospective study was approved by the Medical Research Ethics
Committee of Henan Provincial People’s Hospital. This study was conducted in accordance with the Declaration of
Helsinki. As this study is a retrospective study, the data are anonymous and informed consent is not required.

Criteria for Patient Enrollment and Exclusion
Inclusion criteria: female patients with unilateral disease; palpable breast mass that appeared for the first time, with the
presence of symptoms such as nipple inversion, galactorrhea, and breast pain; patients with calcification; voluntary
inspection by molybdenum target X-ray and CDFI; complete clinical data and no deliberate concealment of clinical
history.

Exclusion criteria: pregnant or lactating women; other malignancies; presence of pleural effusion as indicated by the
imaging examination; heart, lung, kidney dysfunction or immune deficiency; contraindications for molybdenum target
X-ray and CDFI examinations.

Inspection Methods
All patients were examined by molybdenum target X-ray and CDFI, using the methods described below.

(1) Molybdenum target X-ray inspection: Before the examination, the medical staff explained the relevant principles
of the inspection and the precautions in the examination process, so as to improve patients’ compliance with medical
examinations. A full-field digital mammography system with a flat panel detector was used for inspection. X-ray
photographs of both breasts were taken in the oblique and axial planes, and local compression and amplification or

Table | General Information

Patient Data n=102
Age (years) 48.44+10.18
Course of disease (months) 3.63+0.58
Tumor diameter 2.83+0.48
Lesion site
Left 62 (60.78%)
Right 40 (39.22%)
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tangential photographs were taken if necessary to record the shape and quantity of the lesions and their relationship with
the surrounding tissues.

(2) CDFI (AlokaProsound Alpha7, linear probe): The patient was placed in a supine position with arms raised and
breasts and armpits fully exposed. Using a superficial probe with a frequency adjusted to 5.0-13.0 MHz, examinations in
the longitudinal, transverse, and multi-sectional directions were performed on different quadrants of the breast with the
nipple as the center, and the size, position, morphology, aspect ratio, and internal echo of the breast mass were observed.
The CDFI images were then observed, including the presence or absence of blood flow in and around the lesion and the
blood flow morphology. Blood flow classification was carried out by referring to the Adler semi-quantitative method.

Molybdenum target X-ray and CDFI were performed by two clinically experienced operators, and the inspection
results were jointly reviewed by two experienced radiologists, neither of whom was aware of the purpose of the study
and other variables. For details, please refer to Figures 1 and 2 for the molybdenum target X-ray and CDFI examination
of two patients tested positive for B.

Detection Indicators
(1) Taking pathological examination as the gold standard, the positive detection rate (PDR), positive predictive value
(PPV), negative predictive value (NPV), sensitivity (SEN), specificity (SPE), and ACC of molybdenum target X-ray and
CDFI in differentiating suspected ESBC patients were compared and analyzed.

(2) CDFI and molybdenum target X-ray imaging features, mainly including masses, MCs, axillary LN metastases,
and abnormalities in blood flow signals or vascular signs, were compared.

Statistical Analysis

In this study, SPSS 21.0 was used for data analysis. The mean+SEM was used to describe continuous variables, and the
t-test was used for inter-group comparisons. Categorical variables, indicated by the ratios (percentages), were compared
between groups by the * test. Statistical significance was declared if the P value was < 0.05.

Results

Patient Data

The average age of the patients with suspected ESBC was (48.44+10.18) years, the course of disease was (3.63+0.58)
months, and the tumor diameter was (2.83+0.48) cm; the lesion was found on the left side in 62 (60.78%) and the right
side in 40 cases (39.22%). The details are given in Table 1.

Molybdenum Target X-Ray Examination results

Using pathological findings as the gold standard, we collected data related to molybdenum target X-ray diagnosis of
ESBC. The PDR, PPV, NPV, SEN, SPE, and ACC of molybdenum target X-ray in diagnosing ESBC were found to be
25.49%, 65.00%, 41.94%, 41.94%, 65.00%, and 50.98%, respectively (Table 2).

CDFI Inspection Results

Similarly, we statistically analyzed the relevant data of CDFI in the diagnosis of ESBC with pathological findings as the
gold standard. Through further calculation, we found that the PDR, PPV, NPV, SEN, SPE, and ACC of CDFI in the
diagnosis of ESBC were 47.06%, 87.27%, 70.21%, 77.42%, 82.50%, and 79.41, respectively (Table 3).

Combined Inspection Results of Molybdenum Target X-Ray Plus CDFI

Data analysis of molybdenum target X-ray + CDFI in the diagnosis of ESBC showed that the PDR, PPV, NPV, SEN,
SPE, and ACC of the joint diagnosis were 53.92%, 94.83%, 84.09%, 88.71%, 92.50%, and 90.20%, respectively
(Table 4).
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Figure | Results of a patient tested positive for breast carcinoma. (A and B). Molybdenum target X-ray results. (C and D). High-frequency color Doppler flow imaging
(CDFl) results.

Diagnostic Value Analysis of Molybdenum Target X-Ray and CDFI

The diagnostic value of molybdenum target X-ray and CDFI in ESBC, either alone or in combination, was
comparatively analyzed. CDFI was found to have higher PDR, PPV, NPV, SEN, and ACC (P<0.05) and comparable
SPE (P<0.01) than molybdenum target X-ray. While molybdenum target X-ray + CDFI contributed to markedly
higher indexes mentioned above than molybdenum target X-ray (P<0.01), and higher ACC than CDFI (P<0.001), as
shown in Table 5.
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Figure 2 Results of another patient tested positive for breast carcinoma. (A and B). Molybdenum target X-ray results. (C and D). High-frequency color Doppler flow

imaging (CDFI) results.

Imaging Results of Molybdenum Target X-Ray and CDFI
The imaging results of masses, MCs, axillary LN metastases, and abnormalities in blood flow signals or vascular signs
were statistically analyzed. CDFI was significantly superior to molybdenum target X-ray in distinguishing tumor, axillary

Table 2 Molybdenum Target X-Ray Inspection Results

Molybdenum target X-ray | Pathologically positive | Pathologically negative Total
Positive 26 14 40
Negative 36 26 62
Total 62 40 102
Cancer Management and Research 2023:15 https: 1159
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Table 3 CDFl Inspection Results

CDFI Pathologically positive | Pathologically negative Total
Positive 48 7 55
Negative 14 33 47
Total 62 40 102

Table 4 Results of the Joint Inspection by Molybdenum Target X-Ray Plus CDFI

Molybdenum target | Pathologically positive | Pathologically negative Total
X-ray+CDFI
Positive 55 3 58
Negative 7 37 44
Total 62 40 102
Table 5 Diagnostic Data of Molybdenum Target X-Ray and CDFI (%)
Methods Positive Positive Negative Sensitivity Specificity Accuracy

detection rate

predictive value

predictive value

Molybdenum target 25.49 (26/102)

65.00 (26/40)

41.94 (26/62)

41.94 (26/62)

65.00 (26/40)

50.98 (52/102)

X-ray

CDFI 47.06%* (48/102) 87.27+* (48/55) 70.21%* (33/47) 77.42%+ (48/62) 82.50 (33/40) 79.41%% (81/102)
Molybdenum target 53.92%F* (55/102) 94.83%%* (55/58) 84.09%% (37/44) 88.71% (55/62) | 92.50%* (37/40) | 90.20%%* (92/102)
X-ray+CDFI

Notes: ¥P<0.01 and *¥*P<0.001 vs molybdenum target X-ray; “P<0.05 vs CDFI.

Table 6 Imaging Results of Molybdenum Target X-Ray and CDFI

Methods Mass Microcalcification | Axillary lymph | Blood flow signal or vascular
node metastasis sign abnormalities

Molybdenum target X-ray | 70 (68.63) 66 (64.71) 20 (19.61) 36 (35.29)

CDFI 92 (90.20) 31 (30.39) 41 (40.20) 56 (54.90)

r 14.512 24.078 10.313 7919

P <0.001 <0.001 0.001 0.005

LN metastases, and blood flow signal or vascular sign abnormalities (P<0.05), while molybdenum target X-ray had
markedly better performance in identifying MCs than CDFI (P<0.05), as shown in Table 6.

Discussion

Early diagnosis of BC has been shown to improve patient survival by up to 20%.'” Most BC patients present with
advanced disease at diagnosis, which is associated with a high risk of metastasis and recurrence even after tumor
resection.'® Although pathological testing is the golden standard for determining BC staging, this test is lowly accepted
by some patients.'® Therefore, an effective, reliable and highly accepted screening technique for ESBC is particularly
needed to help BC patients improve their survival outcomes.

Molybdenum target X-ray, CDFI, and magnetic resonance imaging (MRI) are commonly used imaging techniques for
the early diagnosis of BC, which is conducive to improving ESBC screening efficiency.”’ Of them, MRI is not suitable
for early BC screening due to its disadvantages such as high cost, complicated procedure, and overdiagnosis.>' A great
number of studies have explored the application of molybdenum target X-ray and CDFI in diagnosing BC. Tailaiti

https: Cancer Management and Research 2023:15

1160

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

G et al,? for example, found that the molybdenum target X-ray features of invasive BC are related to immune indexes
such as estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2, which can reflect
pathological information like nipple depression, axillary LN enlargement and maximum tumor diameter. Hu et al*?
pointed out that molybdenum target X-ray combined with dynamic contrast-enhanced MRI can improve the diagnostic
efficiency of BC of different molecular types (Luminal-A/B, HER2-positive, and triple negative BC) compared with their
single use. In addition, the response of BC patients to chemotherapy can be evaluated by using the resistivity index,
pulsatility index, and maximum flow rate of CDF]I, facilitating the prediction of the efficacy of treatment schemes and the
clinical outcomes of patients.”® Rjosk-Dendorfer et al** also reported that CDFI plus high-resolution compression
elastography can improve the diagnostic ACC of benign and malignant breast masses. Li et al*> proposed that CDFI
combined with strain elastography can enhance the screening efficiency of B-ultrasound for benign and malignant non-
mass breast lesions. In our research, CDFI and CDFI + molybdenum target X-ray showed markedly higher PDR
(47.06%, 53.92% vs 25.49%), PPV (87.27%, 94.83% vs 65.00%), and NPV (70.21%, 84.09% vs 41.94%) than
molybdenum target X-ray alone. Furthermore, the SEN (88.71% vs 41.94%), SPE (92.50% vs 65.00%), and ACC
(90.20% vs 50.98%) of the joint examination were notably higher compared with molybdenum target X-ray, and the
ACC (90.20% vs 79.41%) was also obviously higher compared to CDFI. Two conclusions can be drawn from the above
data. First, the combined examination by molybdenum target X-ray and CDFI can significantly improve the diagnostic
ACC (compared with any single examination) in the 102 patients with suspected ESBC, with significant superiority over
molybdenum target X-ray in other indicators such as PDR, PPV, NPV, SEN, and SPE. Second, the above diagnostic data
of CDFI, except for SPE, are significantly better than those of molybdenum target X-ray. The frequency of CDFI used in
this study ranges from 5.0MHz to 13.0MHz, with relatively high spatial resolution, which helps to display anomalies
from the superficial to the deep plane of the breast while providing better image quality.>® In addition, the superiority of
CDFI may lie in its ability to present clear anatomical layers of the lesion through acoustic impedance differences, thus
helping to determine the elasticity and activity of the lesion. Moreover, CDFI is less affected by external interference and
gland density, which is conducive to reducing the missed diagnosis rate. The higher diagnostic ACC of the combination
of the two methods may be related to their synergistic improvement in the early diagnosis of BC. Breast masses, axillary
LN metastases, abnormal blood flow signals or vascular signs, and MCs are common symptoms in women with BC and
are helpful in identifying breast malignancies.”’ In imaging examinations in this study, CDFI screened significantly more
cases of masses, axillary LN metastases, and blood flow signal or vascular sign abnormalities than molybdenum target
X-ray, while molybdenum target X-ray detected significantly greater number of cases of MCs than CDF]I, suggesting that
the two can complement each other in screening early pathological features of BC. Evidence has shown that CDFI can
show information such as subcutaneous mammary gland, internal fine structure of each layer, tumor margins and internal
echo characteristics, while revealing the blood flow and axillary LNs in the breast tumor to help identify the nature of the
tumor. However, the image of micro-calcified foci displayed by CDFI is a spot-like strong echo with no distinct features,
which may explain the inferior diagnostic advantage of CDFI in micro-calcified foci over molybdenum target X-ray.

This study has several limitations that need to be carefully considered and refined. First, this study is a small sample
analysis and the sampling range is not samples without specific clinical suspicion, which may affect the accuracy of the
research results to some extent. Second, as a single-center study, there may be information collection bias. Third,
mammography or ultrasonic elastography was not included in the comparative analysis, and the findings would be more
comprehensive if the analysis data in this aspect could be supplemented. In the future, this study will be gradually
improved based on the above aspects, such as expanding the sample size and sampling range and supplementing
mammography-related data.

Conclusion
CDFI significantly outperforms molybdenum target X-ray for early diagnosis of BC. The combination of the two can
significantly improve diagnostic ACC for ESBC and provide more comprehensive clinical information for early
diagnosis of BC.
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