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Objective: To investigate the value of gray-scale ultrasound (US) image histogram in the differential diagnosis between small
(≤2.00 cm), oval, or round triple negative breast invasive ductal carcinoma (TN-IDC) and fibroadenoma (FA).
Methods: Fifty-five cases of triple negative breast invasive ductal carcinoma (TN-IDC group) and 57 cases of breast fibroadenoma
(FA group) confirmed by pathology in Hubei cancer hospital from September 2017 to September 2021 were analyzed retrospectively.
The gray-scale US images were analyzed by histogram analysis method, from which some parameters (including mean, variance,
skewness, kurtosis and 1st, 10th, 50th, 90th and 99th percentile) can be obtained. Intraclass correlation coefficient (ICC) was used to
evaluate the inter observer reliability of histogram parameters. Histogram parameters between the TN-IDC and FA groups were
compared using independent Student’s t-test or Mann-Whitney U-test, respectively. In addition, the receiver operating characteristic
(ROC) curve analysis was used for the significant parameters to calculate the differential diagnosis efficiency.
Results: All the histogram parameters showed excellent inter-reader consistency, with the ICC values ranged from 0.883 to 0.999. The
mean value, 1st, 10th, 50th, 90th and 99th percentiles of TN-IDC group were significantly lower than those of FA group (P < 0.05).
The area under ROC curve (AUC) values of mean and n percentiles were from 0.807 to 0.848. However, there were no significant
differences in variance, skewness and kurtosis between the two groups (P > 0.05).
Conclusion: Histogram analysis of gray-scale US images can well distinguish small, oval, or round TN-IDC from FA.
Keywords: ultrasound, histogram, triple negative breast cancer, fibroadenoma

Introduction
Triple negative breast cancer (TNBC) is a unique subtype of breast cancer, while estrogen receptor (ER), progesterone
receptor (PR) and human epidermal growth factor receptor 2 (HER-2) are negative.1,2 TNBC is the worst prognosis
subtypes in breast cancer, the lesion of which increases rapidly and appears to be more aggressive than other subtypes of
breast cancer.1–3 Accounting for approximately 12%~24% of invasive breast cancer,4 TNBC has no response to
endocrine therapy or biotherapy based on HER-2, while most chemotherapeutics are not effective for TNBC therapy.5

The median overall survival of TNBC patients is about 13 months, with recurrence or metastasis often occurring within 3
years after operation.2 Therefore, early and accurate diagnosis of TNBC is particularly important.
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The imaging features of breast cancer are increasingly emphasized according to the subtypes of breast cancer, while
imaging features of TNBC on mammography, ultrasonography, and magnetic resonance imaging (MRI) have been
extensively studied.1 Different from other imaging methods, US has the advantages of relatively low price, real-time,
dynamic, high-resolution, radiation-free and repeatable operation, and is widely used in clinical work. Thus, some
literatures believe that US is a reliable method to diagnose breast tumor.2,6 Compared with non-triple-negative breast
cancer, TNBC is more likely to show benign features, such as oval or round, smooth edge, clear boundary, and unlikely
to have an echo halo in traditional ultrasonography,1,2,7 which may lead to a certain overlap with the US findings of FA.
The pathological basis may be that TNBC is an aggressive and rapidly proliferating tumor with pushing margins without
any stromal reaction.2,8

Previous studies proposed that when FA and TNBC were hardly distinguishable by the naked eye, US texture analysis
can help present substantial differences in the predicted probability of malignancy.9,10 Texture analysis can objectively
provide information that cannot be observed by naked eye, and then quantitatively evaluate the heterogeneity of tumors.6

Histogram is a useful texture analysis method, which can provide quantitative information about image heterogeneity by
evaluating the distribution of each pixel value in the image.11–13 There have been studies evaluating different diseases by
histogram analysis of US, computed tomography (CT) or MRI,12–16 and these studies have obtained meaningful results.
As far as we know, there have been few studies using histogram analysis based on US images to evaluate breast lesions,17

especially for the differential diagnosis of TNBC and FA. In recent years, because of the improvement of people’s health
consciousness and the increase of breast cancer screening, the diagnosis rate of small tumor (≤2.00 cm) has increased.12

In addition, the most common histological type of TNBC is invasive ductal carcinoma (IDC).2 Therefore, the purpose of
our study is to explore the value of a histogram analysis method for gray-scale US image in distinguishing small
(≤2.00 cm), oval, or round TN-IDC from FA.

Methods
Patients
This retrospective study was conducted in accordance with the Declaration of Helsinki and approved by the ethics
committee of the Hubei Cancer Hospital (No.: LLHBCH2021YN-001), and the requirement to obtain informed consent
was waived. Two hundred and fifty-one female patients with 305 TN-IDCs and 272 female patients with 366 FAs at the
Hubei Cancer Hospital (Wuhan, People’s Republic of China) between September 2017 to September 2021 were
consecutive included in this study. The authors were able to obtain information that could identify individual participants
during or after data collection. All patients underwent ultrasonic examination within 1 month before operation and were
satisfied as the following inclusion criteria: (1) no biopsy or medical treatment before US examinations; (2) lesions were
confirmed with complete histopathological and immunohistochemical data based on the specimens obtained from
surgical resection. The exclusion criteria were as follows: (1) patients with multiple tumors (nTN-IDC= 36; nFA =
66), including bilateral breast tumors and ipsilateral breast with multifocal tumors; (2) masses with size larger than
2.00 cm in the longest diameter, or with irregular shape in US image (nTN-IDC= 151; nFA = 141); and (3) poor quality
images (nTN-IDC= 9; nFA = 8). Finally, 55 patients with 55 TN-IDCs and 57 patients with 57 FAs were eligible in our
study, which were single, oval or round, and less than 2.00 cm in the longest diameter. Figure 1 provides a flowchart of
the patient selection process.

All patients underwent US examination using EPIQ5 and Affiniti 50 (Philips Ultrasound, Inc., Bothell, Washington,
USA), and the linear-array transducer with the frequency of 5–12 MHz was used. After physical examination, the whole
breast was systematically examined. All cases were evaluated in the supine position, with the upper arm abducted and the
bilateral breast fully exposed at the same time. The characteristics of sonogram were observed by routine ultrasonic
scanning. The clearest and most complete gray-scale US images were obtained and recorded. All examinations were
performed by an experienced ultrasound physician in breast.
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Image Processing and Histogram Analysis
Two ultrasound physicians (Shu’e Zeng and Fang Li, with 27 and 5 years of medical image diagnosis experience
respectively), without knowing the patient’s clinicopathological information, reviewed and analyzed all US images on the
picture archiving and communication system (PACS). When there are differences of opinion, the two doctors reach an
agreement through discussion. Finally, the selected US images were exported from PACS in BMP format for histogram
analysis. During the export process, all images were adjusted to have the consistent window width and window level.

Histogram characteristics of the tumors were analyzed based on the gray-scale US images, which were processed
using the MaZda software (Version 4.6; www.eletel.p.lodz.pl/programy/mazda/). The software package ran stably in
Windows 10. Two physicians (Maolin Xu and Fang Li, with 8 and 5 years of experience in breast imaging, respectively)
were responsible for ROI (region of interest) drawing of images. Gray-level normalization of each ROI was performed,
using the limitation of dynamics to μ±3σ (μ, gray-level mean; and σ, gray-level standard deviation). On the gray-scale
US image, ROI was manually delineated along the edge of the maximum diameter area in the tumor, to calculate
histogram parameters, including mean value, variance, skewness, kurtosis, and the 1st, 10th, 50th, 90th, and 99th
percentile values12(Figures 2 and 3). Histogram parameters were defined according to previous studies12,13 as follows.

Figure 1 Flowchart of the patient selection process in current study.

Figure 2 A 69-year-old woman with TN-IDC in the left breast. (A) and (B) An ROI for the oval hypoechoic mass in the grey-scale US image. (C) Grey-scale histogram of
the tumor. The values of grey-scale histogram parameters are as follows: mean, 52.86; variance, 330.42; skewness, 0.48255; and kurtosis, 0.81965; 1st percentile, 13; 10th
percentile, 31; 50th percentile, 52; 90th percentile, 76; and 99th percentile, 106. (D) HE staining showed obvious tumor cell atypia with hemorrhage and necrosis, vacuolar
nuclear chromatin, obvious nucleolus, fibrous connective tissue reaction and inflammatory cell infiltration (HE×100). (E) Negative expression of ER in the tumor cells
(IHC×100). (F) Negative expression of PR in the tumor cells (IHC × 100). (G) Negative expression of HER-2 in the tumor cells (IHC×100).
Abbreviations: TN-IDC, triple negative breast invasive ductal carcinoma; ROI, region of interest; HE, hematoxylin and eosin; IHC, immunohistochemistry; ER, estrogen
receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2.
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Mean was defined as the average pixel value. Variance was defined as variation from the mean gray-level value.
Skewness was defined as asymmetry of the histogram. Kurtosis was defined as flatness of the histogram. The nth
percentile was defined as the point at which n% of the voxel values that formed the histogram were found to the left. All
histogram parameter values were the average of the measured values of the two physicians.

Histopathological Analysis
Fifty-five TN-IDCs and 57 FAs tumor specimens were surgically resected and the diagnosis of all cases were
histopathologically confirmed. Moreover, 55 cases of TN-IDCs underwent axillary lymph node dissection. Nottingham
combined histological grading system was used to determine the histological grade of TN-IDC.12 The expression levels
of ER, PR, and HER-2 were measured through Immunohistochemical (IHC) analyses.12,18 ≤1% of carcinoma nuclei with
positive staining indicated that ER and PR were negative.19 The IHC score was - or 1 +, indicating that HER-2 was
negative, while 3+ indicating the positive expression of HER-2. IHC score was 2 +, and fluorescence in situ hybridization
(FISH) was negative, which also showed that HER-2 was negative.12

Statistical Analysis
SPSS software package (version 22.0; Chicago, IL) and MedCalc (version 15.2; mariakerke, Belgium) were used for all
statistical analyses. A package called ggplot2 (version 3.2.1) in R language was applied in drawing.

Chi square test was used to analyse the categorical variables. Quantitative variables were expressed as the mean ±
standard deviation.

Kolmogorov–Smirnov test and Levene test were used to evaluate the normality and homovariance of quantitative
variables, so as to determine whether to use independent samples t-test or Mann Whitney U-test.

Intraclass correlation coefficient (ICC) was used to evaluate the inter observer reliability of histogram parameters.
Receiver operating characteristic (ROC) analysis was used to evaluate the effectiveness of the histogram parameters

in differentiating TN-IDC from FA.
The optimal threshold value for differentiating TN-IDC from FA was chosen at the maximum Youden index, which

was used to calculate the area under the ROC curve (AUC).
The method developed by DeLong et al20 was used to compare different AUC values, and Bonferroni correction was

applied for multiple testing.

Figure 3 A 47-year-old woman with FA in the right breast. (A and B) An ROI for the oval hypoechoic mass in the grey-scale US image. (C) Grey-scale histogram of the
tumor. The values of grey-scale histogram parameters are as follows: mean, 96.701; variance, 580.27; skewness, 0.40754; and kurtosis, 0.59665; 1st percentile, 46; 10th
percentile, 67; 50th percentile, 96; 90th percentile, 126; and 99th percentile, 164. (D) Microscopically, spindle cells in the stroma are nodular hyperplasia with mucus
degeneration, and the compressed duct is fissure (HE×100).
Abbreviations: FA, fibroadenoma; ROI, region of interest; HE, hematoxylin and eosin.
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Results
Clinicopathologic Characteristics in FA and TN-IDC Groups
The comparison of clinicopathologic characteristics in FA and TN-IDC groups is shown in Table 1. All TN-IDCs (n =
55) and FAs (n = 57) were solitary tumors, histologically diagnosed by surgical specimens. As to TN-IDCs, 23 patients
were with the histological grade of grade 3 (41.8%), while 18 patients (32.7%) had axillary node metastasis. The age of
patients with FA was from 19 to 73 years old, while the age of patients with TN-IDC was from 26 to 71 years old. The
tumor size of FA ranged from 0.61 cm to 1.86 cm, while that of TN-IDC ranged from 0.66 cm to 1.88 cm. In addition,
40.4% (23 of 57) of patients with FA and 47.3% (26 of 55) of patients with TN-IDC were accompanied by pain or
palpable during clinical physical examination. However, there were no significant differences in age, tumor size, or
clinical symptom between the two groups (all P > 0.05).

Interobserver Agreement Assessment
Table 2 summarizes the consistency of measured values of histogram parameters between the two readers. Measured
values of all the histogram parameters showed excellent inter-reader consistency (ICC range, 0.883–0.999).

Histogram Parameters Between FA and TN-IDC Groups
The results of histogram parameters between FA and TN-IDC groups are shown in Table 3, respectively. The mean, nth
percentiles between FA and TN-IDC groups were significantly different (all P < 0.05). Nevertheless, there were no
significant differences in variance, skewness, or kurtosis between the two groups (P = 0.644, 0.110, and 0.926,
respectively). Examples are shown in Figures 2 and 3.

ROC Analysis of Mean, nth Percentiles in Distinguishing TN-IDC from FA
Table 4 and Figure 4 show the ROC analysis results of mean, nth percentiles for distinguishing TN-IDC from FA. The
AUC values of the mean, and the 1st, 10th, 50th, 90th, and 99th percentiles for the diagnosis of TN-IDC were ranged

Table 1 Clinicopathologic Characteristics of 57 FAs and 55 TN-IDCs

Characteristics FA (n=57) TN-IDC (n=55) P value

Mean age, years* 40.98±12.52 43.64±12.57 0.266

Tumor size, cm* 1.28±0.37 1.27±0.33 0.898

Clinical symptom† 0.460
Asymptomatic 34 29

Pain or palpable 23 26

Notes: *Data are mean values±standard deviations. Data were tested using the Student’s t-test. †Data were tested using the chi-square test.

Table 2 Interreader ICC Values for the Measurements of Histogram
Parameters Between Two Readers

Parameters Interreader ICC (95% CI)

Mean 0.999 (0.999–0.999)

Variance 0.984 (0.977–0.989)
Skewness 0.959 (0.941–0.972)

Kurtosis 0.883 (0.834–0.918)

1% 0.998 (0.998–0.999)
10% 0.999 (0.998–0.999)

50% 0.999 (0.999–1.000)

90% 0.996 (0.994–0.997)
99% 0.989 (0.985–0.993)

Abbreviation: CI, confidence interval.
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from 0.807 to 0.848, and the accuracy values were 78.57%, 83.93%, 83.04%, 79.46%, 75.89% and 74.11%, respectively.
With the highest sensitivity of 100%, the 1st and 10th percentiles had higher AUC and accuracy values than any other
individual parameter. Moreover, pairwise AUC value comparisons among the mean and nth percentiles were performed,
thus the P-value of 0.05 was adjusted to 0.0033 according to Bonferroni correction. Using the method developed by
DeLong et al, the pairwise AUC value comparisons among mean, nth percentiles showed no significant differences (all P
> 0.0033).

Discussion
Our research mainly focused on the multi-parameters derived from gray-scale US images for the differential diagnosis
between NPM and BC. Except for variance, skewness and kurtosis, all the gray histogram parameters in FAs were
significantly higher than those in TN-IDCs. The results of this study demonstrated that, with excellent inter-observer
reproducibility (all ICCs >0.9), the mean, nth percentiles between TN-IDC and FA groups all have significant
differences. And the AUC values and accuracies were ranged from 0.807 to 0.848, and 74.11% to 83.93%, respectively.
Therefore, we propose that histogram analysis of gray-scale US images may have great potential as a predictor to
distinguish small (≤2.00 cm), oval, or round TN-IDC from FA.

Compared with other molecular subtypes of breast carcinoma, TNBC is an aggressive breast cancer subtype with high
mortality, and tends to occur in relatively young women.10,21,22 Similar with the study of Yoon et al,23 our study revealed
that the age showed no significant difference between TN-IDC and FA groups, which was different with the study of Yeo
et al1,23 Additionally, axillary lymph node metastasis may be associated with the disease-free survival rate (DFS) and
overall survival rate (OS).21,24 In our study, the rate of lymph node metastasis (32.7%) and the proportion of histological
grade 3 (41.8%) were lower than previous researches,21,24 which may be related to the fact that all TN-IDC cases in this
study are single and small masses. Additionally, tumor size and clinical symptom of patients all showed no significant
differences between TN-IDCs and FAs, which were consistent with the research result of Yeo et al.1

Table 3 Comparison of Histogram Parameters Between FA Group and TN-IDC Group

Parameters FA* (n=57) TN-IDC* (n=55) P value

Mean 75.61±31.81 38.22±17.90 <0.001
Variance 482.40±228.89 460.15±278.32 0.644

Skewness 0.58±0.64 0.78±0.64 0.110

Kurtosis 1.46±2.59 1.50±2.33 0.926
1st percentile 34.75±25.37 5.55±6.94 <0.001

10th percentile 50.34±30.05 13.71±13.26 <0.001

50th percentile 75.18±33.12 35.93±20.08 <0.001
90th percentile 103.36±34.30 64.95±22.52 <0.001

99th percentile 135.49±36.23 94.64±28.10 <0.001

Note: *Quantitative data are presented as mean values ± standard deviations.

Table 4 ROC Analysis of Mean, Nth Percentiles for Distinguishing TN-IDC from FA

Parameters Sensitivity,% Specificity,% PPV,% NPV,% AUC (95% CI) Cutoff Youden Index

Mean 94.55 64.91 72.2 92.5 0.837 (0.756–0.900) ≤62.93 0.5946

1st percentile 100 68.42 75.3 100.0 0.841 (0.760–0.904) ≤22 0.6842

10th percentile 100 66.67 74.3 100.0 0.848 (0.768-0.909) ≤41 0.6667
50th percentile 94.55 64.91 72.2 92.5 0.834 (0.752–0.897) ≤63 0.5946

90th percentile 89.09 63.16 70.0 85.7 0.817 (0.733–0.884) ≤93.5 0.5225

99th percentile 92.73 56.14 67.1 88.9 0.807 (0.721–0.875) ≤133.5 0.4887

Abbreviations: CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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Previous studies had reported that elastography, color Doppler imaging, or contrast-enhanced ultrasound (CEUS)
could be helpful to distinguish benign and malignant breast lesions.1,2,25,26 FAs could show enhanced vascular flow
signals and penetrating vascular patterns similar to malignant tumors,1,27,28 thus color Doppler may have difficulty
identifying FA from TNBC in some cases.1 Kanagaraju et at26 suggested elastography could be an effective adjunctive
tool to B-mode US in differential diagnosis between FA and IDC. Similarly, Yeo et al1 thought elastography can help
differentiate small, oval or round TNBC from FA. Unfortunately, lesion size, breast thickness and lesion depth may affect
the elastography features and produce false result for lesions.29 Moreover, Basara et at30 found that elastography may not
have a prominent contribution in the exact diagnosis of complex fibroadenoma (CFA). In CEUS, TNBC may have highly
enhanced at the edge, and the range of lesion does not increase significantly after enhancement due to less interstitial
reaction,2 which could help distinguish TNBC from FA. However, the cost of additional contrast-enhancement is higher
and the examination time is longer.

In conventional gray-scale ultrasound image, echogenicity was usually less important for the differentiation of solid
masses. Because the echogenicity parameter was not standardized, most tumors are hypoechoic compared with adjacent
fibrous glands.31 Yeo et al1 revealed that most masses were with hypoechoic echo in small, oval, or round TNBC and FA
groups, but no significant difference was found in the two groups. The consistency among three observers is poor for the
judgement of echo pattern, as the ICC value was just 0.447 in their study. Partly different from the study of Yeo et al,
Yoon et al23 thought that small TNBC tumors presented with a significant higher incidence of hypoechoic echotexture
(59.1%) than that of FA tumors (54.1%). The reasonable explanation for the different results may be that TNBC is highly
dedifferentiated and easy to lead to necrotic cyst, which is associated with hypoechoic performance.2,32 Additionally,
TNBC tends to present without microcalcification,33 which may be associated with hyperechoic performance. In

Figure 4 Receiver operating characteristic curves for mean, nth percentiles in distinguishing TN-IDC from FA.
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comparison, FA is composed of glandular epithelium and fibrous tissue, and cell necrosis or cystic foci is less
common,34–37 contributing to relatively high echo than TN-IDC in most cases.22,23,31,38 But if the echo difference
between TN-IDC and FA was not remarkable enough, the differential diagnosis could be difficult by subjective
echogenicity evaluation with the naked eye, especially in small tumors.

Gray-scale histogram analysis of US images is a more objective method,39 which can quantitatively provide
echogenicity information of lesions according to the echo intensity level in the gray range of 0 to 255.16,39,40 Thus,
some subjective or operator-dependent features in conventional US evaluation can be effectively eliminated.39,40 To date,
many literatures have reported that gray-scale ultrasound histogram is helpful to evaluate different lesions.11,15,16,39–41

For example, Kwon et al16 proposed that grey-scale US was an easily applicable and standard imaging modality used to
evaluate thyroid nodules, and some grey-scale histogram parameters could be helpful for the discrimination between the
subtypes of follicular variant of papillary thyroid carcinoma (FVPTC). Beyazal et al11 reported that, in comparison with
the healthy control group, the mean value, variance, 50th percentile value and 90th percentile value of gray-scale
ultrasonic histogram analysis in patients with chronic hepatitis B (CHB) increased significantly, while the skewness and
kurtosis decreased significantly. These findings highlighted the potential contribution of the gray-scale US histogram
analysis to the differential diagnosis of lesions. Because TNBC could often show as benign morphology in conventional
US, some patients may not get early diagnosis and treatment.9 Thus, there are more and more studies on the differential
diagnosis between TNBC and other breast tumors, including benign tumors.1,2,6,9,42 We assumed that histogram analysis
of gray-scale US images could help for the differentiation between small, oval, or round TN-IDC and FA.

Mazda had been proved to be an effective and reliable quantitative image analysis tool.6,11–13 Through Mazda’s
histogram analysis, the mean value and the nth percentiles can be used to reflect the average value and distribution range
of gray scale.12,13 In our study, the mean and nth percentiles of TN-IDC were significantly lower than that of FA, and the
AUCs of mean and nth percentiles were all higher than 0.8. Our result indicated that the overall echo of TN-IDC may be
lower than that of FA. Previous studies had found that FA performed higher echo than TN-IDC in general.22,23,31,38 For
example, Stavros et al believed that most FAs were isoechoic or mildly hypoechoic compared with fat, while about two-
thirds of malignant tumors were markedly hypoechoic relative to fat.38 Li et al revealed that, compared with non-TNBCs,
TNBCs showed a greater tendency to present as markedly hypo-echoic masses.22 In comparison to fibroadenomas, small
TNBC tumors presented with a higher incidence of hypoechoic.23 These studies all had very similar views with our
research and well supported our results. According to the consistency check in our study, mean and nth percentiles can
reproducibly distinguish TN-IDC from FA with quantitative grey-scale values, whereas the consistency of subjective
echogenicity evaluation was comparatively poor1 and unreliable in previous studies.31 The 1st and 10th percentiles had
relative high AUC and accuracy values in distinguishing TN-IDC from FA, and the 1st and 10th percentiles may be
associated with markly low echo, indicating that the low echo could appear more frequently in TN-IDCs than in FAs.
However, the AUC values of mean and n percentiles had no significant difference in pairwise comparisons by DeLong
test. Therefore, we firmly believe that mean and nth percentiles can reliably distinguish small, oval, or round TN-IDC
from FA.

Skewness, kurtosis and variance can help describe the distribution symmetry of variable values, and refer to the
variation from mean gray-level value.12,13 Previously, using greyscale ultrasound images, Kim et al41 revealed that
standard deviation, skewness, and kurtosis derived from histogram parameters had certain value for the diagnosis of
lymphocytic thyroiditis. Similiarly, Beyazal et al11 reported that, the skewness and kurtosis derived from gray-scale
ultrasonic histogram analysis could help diagnosing chronic hepatitis B. However, Kwon et al16 applied histogram
analysis of greyscale sonograms to differentiate between the subtypes of follicular variant of papillary thyroid cancer,
whereas skewness and kurtosis were far from significant to differentiate the subtypes of FVPTC. In the present study,
kurtosis and variance all had no significance for the differential diagnosis between FA and TN-IDC groups. In addition,
there was a increasing trend in skewness across FA to TN-IDC groups, but the statistical analysis did not reach a
significant level (P = 0.110). The possible reason may be associated with the relatively small sample size included in our
study. Long-term follow-up studies including larger sample size would be required to detect the diagnostic role of
skewness.
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Our study has several limitations. Firstly, this work was a single center retrospective study and only included patients with
lesion size larger than 0.60cm. In the future, smaller tumors will be included to increase the clinical practicability. Secondly,
routine US (including tumor margin, orientation, posterior acoustic features, microcalcification and so on), elastography and
CEUS features of breast tumors were not analyzed in this study, which will be added for multivariate analysis to improve the
value of US in the differential diagnosis. Thirdly, the sample size of this study is small, the inclusion of more cases may help
improve the differential diagnosis value of histogram analysis. Fourthly, except for analyzing the possible influence of inter-
observer agreement on the histogram parameters, this study did not discuss the influence of other possible factors on the
histogram parameters, which needs to be further explored. Finally, we manually delineated the maximum diameter level of the
tumor as ROI, which may not accurately reflect the characteristics of the whole tumor. Previous studies had suggested that the
final results of two-dimensional (2D) or three-dimensional (3D) ROI selection for a single lesion are very similar.43

In conclusion, histogram analysis of gray-scale US image can quantitatively evaluate breast tumors with excellent
repeatability. In addition, the mean value and the nth percentiles of TN-IDC group tend to be lower than those of FA
group, also indicating that TN-IDC tumors tend to have darker average pixel intensity than fibroadenoma in gray-scale
US image. This histogram analysis method may be feasible and effective to distinguish small, oval, or round TN-IDC
from FA. Further prospective research is needed to verify the superiority of gray-scale histogram method in clinical work.
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