
Introduction

Breast cancer is one of the most common malignant tu-

mors among women, and its incidence has been steadily

rising in China. Known as the “thirdeye” of clinicians, ul-

trasonography (US) possesses major advantages, such as

simple operation, no radiation and low cost, and has be-

come the most common method in clinical practice [1]. Nu-

merous novel technical approaches, such as ultrasonic

elastography have been widely used in the diagnosis of le-

sions in the breast, liver, thyroid, and other organs [2, 3].

Conventional ultrasound and mammography provide much

information about breast tumors, such as their shape, mar-

gin, boundary, echo intensity, microcalcification, and blood

flow. However, they do not allow measurement of tissue

stiffness, and in the breast, cancers tend to be stiffer than

benign lesions [4-6]. It is known that the stiffness of an in-

herent feature, has a close relationship with the different

pathological types of breast lesion [7]. Based on this prin-

ciple, elastography, which indirectly reflects the varying

stiffness levels in lesions, is considered to be helpful in the

diagnosis and predict the prognosis of breast cancer. Breast

invasive ductal carcinoma is the most common type of car-

cinoma of the breast. Elasticity imaging, a newly developed

ultrasonic technique, can quantitatively measure the tissue

by evaluating the change in flexibility. Molecular factors

determine the biological behavior and histopathological

changes associated with metastatic breast cancer, which de-

termines the morphology. Virtual touch tissue imaging

quantification (VTIQ) is one of the latest methods of quan-

titatively measuring the acoustic radiation force impulse

(ARFI) elasticity imaging [8]. VTIQ is a novel two-di-

mensional (2D) ultrasonic elastography system and its di-

agnostic accuracy for breast lesions has so far been

confirmed in preliminary studies [9, 10].

The Nottingham prognostic index (NPI), which com-

bines tumor size, nodal status, and histological grade, is a

useful tool to predict the prognosis of breast carcinoma

[11]. The NPI is an excellent tool for stratifying the prog-

nosis of patients. The benefits of adjuvant systemic treat-

ments, such as chemotherapy, are proportional to the risk of

death from breast cancer [12].

In this study, the author used VTIQ to explore the corre-

lation of VTIQ with the NPI and immunohistochemical fea-
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Summary

Objectives: To investigate the correlation of virtual touch tissue imaging quantification (VTIQ) with the Nottingham prognostic index

(NPI), and immunohistochemical features in breast invasive ductal carcinoma. Materials and Methods: In all, 134 patients with breast

invasive ductal carcinoma confirmed by histopathology were included. All patients underwent conventional ultrasound and VTIQ to

record the average shear wave velocity (SWV) as elasticity mean value (Emean) before the operation; then, postoperative clinical pathol-

ogy, immunohistochemical features, and NPI score were recorded in order to investigate the correlation of Emean with NPI and im-

munohistochemical features. Results: Univariate analysis showed that the Emean was in positive correlation with NPI, tumor size,

axillary lymph node metastasis, lymph node staging, histology grade, HER-2, and ki67 expressions in breast invasive ductal carcinoma,

and the correlation coefficients were positive (r = 0.714, 0.308, 0.635, 0.668, 0.590, 0.221, and 0.559) (p < 0.05). It was in negative

correlation with estrogen receptor (ER) (r = -0.373) (p > 0.05) and with progesterone receptor (PR) (r = -0.145) (p >  0.05). Multivari-

ate analysis indicated that only NPI and ki67 were independently positively correlated with the Emean (r = 0.928, r = 0.276) (p < 0.05).

Conclusions: The biological characteristics of breast carcinoma can affect its elastic tissue structure, which showed significant associ-

ation with NPI. Moreover, VTIQ can be used to supplement conventional US to judge the prognosis of breast carcinoma.

Key words: Breast invasive ductal carcinoma; Immunohistochemistry; Nottingham prognostic index; VTIQ.
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tures, such as estrogen receptor (ER), progesterone recep-

tor (PR), and proto-oncogenes, HER-2, and ki67, in order

to provide reference for comprehensive treatment and prog-

nostic assessment of breast carcinoma.

Materials and Methods

In all, 134 patients with breast invasive ductal cancer who un-

derwent surgery in the present hospital, and the diagnosis was

were included from December 2014 to December 2015. The di-

agnosis was confirmed by pathological and relevant immunohis-

tochemical examinations. Those patients who underwent

preoperative radiation and chemotherapy or endocrine treatment

were excluded from the analysis (Figure 1). The mean age of the

cohort was 57.68 ± 12.20 (age range, 26–92) years. The authors

adopted the standard histologic grade set forth by WHO (2003) to

classify patients into grades I, II, and III. According to the tumor

node metastasis (TNM) staging of WHO, clinical stage can be di-

vided into I~IV periods. Applying the hospital medical record in-

quiry system, the authors recorded the maximum size, lymph node

metastasis, histological grade, and immunohistochemical feature.

This study was conducted in accordance with the declaration of

Helsinki and with approval from the Ethics Committee of Tongji

University. Written informed consent was obtained from all par-

ticipants.

All examinations were performed by a sonographer with at least

five-years’ experience in breast US and elasticity ultrasound ex-

amination, by using a probe with a 9L4 linear array, 4-9 MHz fre-

quency ultrasound system [8]. The patients were instructed to lay

in the supine position with their chest completely exposed. The

ultrasonic probe was then gently placed on the breast, with the

fan probe applying gentle pressure, leading routine US examina-

tion, found after lumps to observe and record the size of the le-

sions, boundary, parts, and internal blood supply of the echo, and

for BI-RADS classification. Then the selection was switched to

the ARFI mode. Next, the sonographer switched to the VTIQ pat-

tern, which displays the VTIQ model of the quality and velocity,

and captured the respective images. VTIQ-obtained image qual-

ity model can monitor the quality of distribution of elastic qual-

ity from high to low, respectively, for the green-yellow-red

spectrum, and select an effective shear wave velocity (SWV)

measurement area (i.e., the area presented for the green and evenly

distributed as per the VTIQ quality control chart). The region of

interest (ROI) was marked and placed within the lesion, measur-

ing a minimum of 1×1 mm. Patients were told to hold their breath

while the VTIQ velocity model images were captured. Under

VTIQ velocity mode, the two-dimensional space distribution of

the lesion shear wave elasticity imaging from the high to low

SWV were red, yellow, green, to blue. After adjusting the SWV

range (maximum 10 m/s), such model is considered for VTIQ

standard velocity imaging: the surrounding background of the le-

sion shows even light blue or light green, red or yellow appear-

ance on the center of lesions. Similarly, multiple SWV data

measurement (5–7 group) in the effective area were recorded, and

the average value was considered in m/s. All conventional US and

VTIQ images were stored for further analysis.

Pathology inspection for resection of lesions included the fol-

lowing aspects: (1) tumor diameter measurement, (2) statistically

significant number of ipsilateral axillary lymph node metastasis,

(3) microscopic observation for hematoxylin-eosin (HE) staining,

and histological classification. According to the tumor diameter

(cm), lymph node staging (1: no lymph node metastasis, 2: 1–3

lymph node metastasis, 3: ≥ 4 lymph node metastasis), and histo-

logical grade (1-3), the authors calculated the NPI as follows: size

(cm) × 0.2 + lymph node staging (1–3) + histological grade. The

NPI score was divided into three groups, namely < 3.4, 3.4–5.4,

and > 5.4.

Information on ER, PR, and HER2 status was assessed by IHC

and extracted from pathology reports submitted from the Pathol-

ogy Department. Detection and expression of ER, PR, HER-2,

and ki67 was done using immunohistochemical (IHC) staining

methods such as with oxide enzyme anti peroxidase (PAP).

Among these, ER, PR, and ki67 were regarded positive with

brown yellow particles in the tumor cell nucleus. According to the

percentage (positive cells/all tumor cells), ER cells < 1% were

negative, < 10% (+), 10–30% (++), and > 30% (+++). PR-nega-

tive tumors were defined as those with reactivity of < 10%, and

PR-positive tumors as those with reactivity ≥ 10%, 10-30% (+),

30–50% (++), and > 50% (+++). HER2 expression status was de-

termined with IHC and/or in situ hybridization. HER2 cells 0%

were negative, < 10% (+), 10–30% (++), and > 30% (+++). In situ

hybridization (fluorescence (FISH)) was usually used to confirm

HER2 status if IHC yielded 2+ results. If IHC was 2+ and FISH

were missing, or if IHC was missing, but FISH tumor was classi-

fied as HER2-positive. If IHC was 2+ and FISH were negative,

the tumor was regarded as HER2-negative. Ki67 expression was

measured by an experienced pathologist and presented as a per-

centage score (range 0–100%) of positive tumor cells. The num-

ber of Ki 67 positive cells 0% were negative, < 15% (+), 15~30%

(++), and > 30% (+++). < 15% was regarded as low expression

group, ≥ 15% as more than high expression group.

Statistical analysis was performed using the Statistical Package

for the Social Sciences, version 18.0 (SPSS). The clinical charac-

Figure 1. — Flowchart of the selection of the patients with breast

invasive ductal cancer.
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Figure 2. — Gray-scale images. Gray-scale images (A1), virtual touch tissue imaging quantification (VTIQ) imaging (B1), and histopathol-

ogy (C1) in a 62-year-old woman with Grade 2 invasive ductal carcinoma measuring 15 mm, and negative for lymph node metastasis and human

epidermal growth factor receptor 2 (HER-2) expression and ki-67 protein expression, but positive for estrogen receptor (ER) and progesterone

receptor (PR) expression. VTIQ of the mass (B1) shows the mean SWV is 2.69 m/s. NPI score is 3.3. Gray-scale images (A2), VTIQ imag-

ing (B2), and histopathology (C2) in a 64-year-old woman with grade 3 invasive ductal carcinoma measuring 20 mm, and negative for ER,

PR expression, HER-2 expression, but positive for lymph node metastasis and ki-67 protein expression. VTIQ of the mass (B2) shows the mean

SWV is 4.26 m/s. NPI score is 5.4. Gray-scale images (A), VTIQ imaging (B) and histopathology (C) in 64-year-old woman with a 20 mm,

grade 3, negative ER and PR expression, negative-human epidermal growth factor receptor 2 (C-erbB-2) expression , positive-lymph nodal

metastasis, and ki-67 protein expression. VTIQ of the mass (B) shows the mean SWV is4.26 m/s. NPI score is 5.4. Gray-scale images (A3),

VTIQ imaging (B3), and histopathology (C3) in a 67-year-old woman with Grade 3 invasive ductal carcinoma measuring 55 mm, and nega-

tive for ER and PR expression, but positive for lymph node metastasis and expressions of HER-2 ki-67 protein. VTIQ of the mass (B3) shows

the mean SWV is 8.96 m/s. NPI score is 6.1.

Table 1. — Expression of ER, PR, C-erB-2, and ki67 in
breast invasive ductal carcinoma (n).
Immunohistochemical ER PR C-erB-2 Ki67 

(-) 42 70 56 10 

(+) 70 58 35 30  

(++) 17 3 19 56 

(+++) 5 3 24 38  

Positive rate (%) 68.7 47.8 58.2 92.5  

ER: estrogen receptor, PR: progesterone receptor, HerB-2: progesterone re-
ceptor human epidermal growth factor receptor 2, ki-67: cell proliferation as-
sociated antigen.

Table 2. — Correlation of the Emean value with other factors.
Factors Correlation coefficient (r) p 
NPI 0.714 0.000  

Maximum diameter 0.308 0.000  

Lymph node metastasis 0.635 0.000  

Lymph node staging 0.668 0.000  

Histology grade 0.590 0.000  

ER -0.373 0.000  

PR -0.145 0.096  

HER-2 0.221 0.01  

Ki67 0.559 0.000

Note: For this model of analysis of variance, p < 0.05 was statistically significant.
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teristics and SWV measurements of patients with breast invasive

ductal cancer were expressed as means ± standard deviations

(SD). Relationships between SWV, SWV ratio, and clinicopatho-

logic variables were investigated by using univariate analysis.

Multiple linear regressions were applied to perform multivariate

analysis to evaluate which clinicopathologic variables were most

influential on SWV and its ratio. P < 0.05 was considered statis-

tically significant.

Results

NPI-dependent distribution among the 134 patients with

breast invasive ductal cancer was as follows: NPI < 3.4 in

45 cases, 3.4–5.4 in 60 cases, and > 5.4 in 29 cases. The

mean NPI was 4.26 ± 1.28, and tumor diameter ranged

from 0.4–6.0 (mean, 2.29 ± 1.17) cm. Fifty-six (41.8%) pa-

tients showed lymph node metastasis; the lymph node stag-

ing was Stage I in 78 cases (58.2%), Stage II in 31 cases

(23.1%), and Stage III in 25 cases (18.7%). Histological

grading was Grade I in 18 cases (13.4%), Grade II in 71

cases (23.1%), and Grade III in 45 cases (33.6%). Im-

munohistochemical features are shown in Table 1 and Fig-

ure 2.

The mean Emean value was 4.79±1.34 m/s (range, 2.11–

8.12 m/s), which was associated with the NPI, maximum

diameter, lymph node metastasis status, histological grade,

lymph node staging, ER, HER-2, and expression of ki67.

univariate analysis showed that the Emean was positive

correlation with the NPI (r = 0.714), tumor size (r = 0.308),

axillary lymph node metastasis (r = 0.635), lymph node

staging (r = 0.668), histology grade (r = 0.590), HER-2 (r
= 0.221), and ki67 (r = 0.559) (p < 0.05) expressions in

breast invasive ductal carcinoma. It was negatively corre-

lated with ER (r = -0.373) (p < 0.05) and PR (r = -0.145)

(p > 0.05) (Table 2). The NPI and expression of ki67 in-

dependently correlated with Emean in the regression analy-

sis (Table 3). Multivariate analysis indicated that only NPI

and ki67 were independently positively correlated with the

Emean (r = 0.928, r = 0.276) (p < 0.05).

Discussion

The stiffness of a tissue is related to pathological changes

and the histological components of any lesions present [13].

Therefore, its measurement allows detection of various dis-

eases that are associated with changes in the mechanical

properties of tissue. ARFI is a relatively novel technology

for non-invasive assessment of a tissue’s elastic properties,

including stiffness. Its quantitative implementation is called

VTQ and this provides an objective numerical value for the

shear wave velocity (SWV), which mainly depends on the

stiffness of the target tissue [14-16]. Another method of

shear wave elastography is VTIQ: [17] this was developed

from second-generation VTQ technology and provides

many advantages, such as a smaller ROI, a wide range, high

reliability, and better reproducibility [2].

Breast cancer causes great harm to female health, and in-

vasive ductal cancer is the most common pathological type

of the disease. Judging the prognosis of breast cancer in-

cludes the tumor size, clinical stage, histological classifi-

cation, and grade of and lymph node metastasis. Tumor

molecular biology is the decisive factor of biological be-

havior and histopathological appearance, and then has a

great influence on elastic features. Correlations between ra-

diologic findings and pathologic prognostic factors of

breast invasive ductal cancer have shown that there is a

poor correlation between mammographic and US size of

invasive lobular carcinoma with the histologic size [18].

Breast cancer has higher cure rates when detected early and

treated appropriately. The present research shows that SWV

and its ratio are related with clinicopathologic factors,

which would help to initiate early intervention to this ma-

lignant disease.

Breast cancer is a kind of hormone-dependent tumor;

with the development of molecular biology, ER, PR, HER-

2, and ki-67 are increasingly commonly used biological

markers to evaluate the behavior and prognosis of these tu-

mors, and their expression can provide a theoretical basis

for postoperative endocrine therapy as well. In the present

study, the positive rate of ER in breast cancer tissue was

68.7%, PR 47.8%,  HER-2 58.2%, and ki67, 92.5%, which

is consistent with literature [19].

Correlation between NPI with the elasticity in breast in-

vasive ductal carcinoma: of all breast cancer evaluation sys-

tems used for prognosis, NPI, established by Haytittle et
al. [20] in 1982, has had the greatest influence. In his ret-

rospectively study, 387 cases with complete data were en-

rolled and factors with independent prognostic significance

were selected in the nine prognostic factors to build a prog-

nosis model based on the Cox’s regression model [20] that

was suitable for the group confirmed by the data of evi-

dence-based research. The three selected independent prog-

nostic factors were tumor size, lymph node status, and

histological grade. NPI as a recognized prognostic indica-

tor was divided into < 3.4, 3.4–5.4, and > 5.4 levels which

has significant influence on the prognosis of assessment,

treatment, and treatment effect of monitoring [21, 22]. The

higher score indicates the worse prognosis. This study

showed NPI < 3.4 in 45 cases, 3.4–5.4 in 60 cases, and >

5.4 in 29 cases. NPI with Emean correlation coefficient was

r = 0.714 (p < 0.05), indicating there was a positive corre-

lation between them, such that the Emean increases pro-

portionally with NPI increase. With respect to the three

Table 3. — Regression analysis of Emean value with other
factors (multivariate analysis).
Factor Correlation coefficient (r) P 
NPI 0.928 0.030  

Ki67 0.276 0.011  

Note: For this model of analysis of variance, p <0.05 was statistically signifi-
cant; the coefficient of determination r2=0.662.
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independent prognostic factors, NPI was closely associated

only with clinical pathology. A lesion’s internal pathologi-

cal structure to a certain extent can be reflected by the le-

sion’s degree of hardness, then converted into quantitative

Emean to indirectly predict the NPI degree, assisting in pre-

dicting the prognosis of breast invasive ductal carcinoma.

Correlation between the clinical pathological character-

istics and stiffness in breast invasive ductal carcinoma: uni-

variate analysis of this study showed there was significant

positive association among Emean with the maximum di-

ameter, lymph node metastasis status, histological grade,

and lymph node staging in breast invasive ductal carci-

noma. Whether benign or malignant, the mass size of a

tumor can affect the elasticity value, and different grade

have different elasticity [23]. Quantitative VTIQ elastic av-

erage reflects the internal pathological structure of the le-

sions, which can help predict the prognosis of breast

invasive ductal carcinoma.

Correlation between immunohistochemical features and

stiffness in breast invasive ductal carcinoma: univariate

analysis showed ER, HER-2, and ki67 expression were cor-

related with stiffness in breast cancer. Among them, the ex-

pression of ER was negatively correlated with Emean,

while HER-2, and ki67 showed positive correlation, which

indicates breast cancer tissue with ER (-), HER-2 (+), and

ki67 (+) has higher tissue hardness. Zellars et al. [24] found

that for local recurrence, ER (-) was higher than ER (+),

and the state of the ER expression was associated with in-

vasive breast cancer. ER (-) status with tumors and perhaps

indicate a high degree of malignant cells, higher probabil-

ity of relapse, and lymph node metastasis, whereas ER (+)

status indicates good prognosis. HER-2 is a type of proto-

oncogene, also named CerbB-2 or neu, has a lower or even

nil expression in normal tissue, and was reported for the

first time by Slamon et al., as the influence of over-ex-

pression being predictive of an unfavorable prognosis in

breast cancer in 1987 [25]. The ki67 protein is a nuclear

antigen associated with cell proliferation, whose expres-

sion is relevant with the development, metastasis, and prog-

nosis of malignant tumors. It is also reportedly closely

related with lymph node metastasis and tumor growth ac-

tivity in breast cancer [26]. The results of multiple factors

analysis showed that ER and HER-2 expression in breast

cancer were not independent correlation with the hardness

of the tumor, while Ki67 expression has independent cor-

relation. The reason may be that the expression of ER, PR,

HER-2 in breast cancer is closely related to the pathologi-

cal type, tumor size, number of lymph node metastasis and

clinical stage. From the results of single factor and multi-

factor analysis, with the increase of ki67 expression, the

elastic mean value of breast invasive ductal carcinoma also

increased. The higher expression of ki67 in tissues indi-

cated that the higher the degree of malignancy of breast

cancer, the more prone to invasion, adhesion to the sur-

rounding tissue, decreased flexibility, and increased stiff-

ness. Hanprasertpong et al. [27] showed that the expres-

sion of ki67 was associated with lymph node metastasis

and tumor stage. When ki67 expression is positive, the cell

is likely to possess unique biological characteristics, in-

cluding active cell proliferation, the higher degree of ma-

lignancy, a larger probability to be invasive, a rapid pace

of development, more transfer opportunities, and poor

prognosis.

In conclusion, there was a significant correlation of NPI

and ki67 with stiffness in breast invasive ductal carcinoma.

The biological characteristics of breast cancer is associated

with the hardness, and lesions’ hardness reflects the bio-

logical characteristics to an extent. VTIQ, a newly non-in-

vasive technique used for quantitative analysis of hardness

will be helpful to evaluate the prognosis of breast cancer.

Nevertheless, the occurrence and development of breast

cancer is a result of the combined multiple factors, and

there are many uncertain factors and missing links between

the morphology and molecular biology of the disease [28].

There were some limitations to this study. The number of

samples was relatively small and all cases originated from

a single hospital. This study offers a preliminary research

outlook, which requires further strengthening and valida-

tion with future research.

Acknowledgements

This work was supported in part by Grant

SHDC12016233 from Shanghai Hospital Development

Center, Grant 124119a3201 from Science and Technology

Commission of Shanghai Municipality, Grants 81471673,

and 81671699 from the National Natural Science Founda-

tion of China.

References

[1] Tagliafico A.S., Calabrese M., Mariscotti G., Durando M., Tosto S.,

Monetti F., et al.: “Adjunct Screening With Tomosynthesis or Ultra-

sound in Women with Mammography-Negative Dense Breasts: In-

terim Report of a Prospective Comparative Trial”. J. Clin. Oncol.,
2016, 34, 1882.

[2] Kuehlmann B., Prantl L., Michael Jung E.: “Imaging of idle breast

implants with ultrasound-strain elastography- A first experimental

study to establish criteria for accurate imaging of idle implants via ul-

trasound-strain elastography”. Clin. Hemorheol. Microcirc., 2016,

61, 645.

[3] Zhang Y.F., Xu J.M., Xu H.X., Liu C., Bo X.W., Li X.L., et al.:
“Acoustic Radiation Force Impulse Elastography: A Useful Tool for

Differential Diagnosis of Thyroid Nodules and Recommending Fine-

Needle Aspiration: A Diagnostic Accuracy Study”. Medicine (Balti-
more), 2015, 94, e1834.

[4] Gong X., Wang Y., Xu P.: “Application of real-time ultrasound elas-

tography for differential diagnosis of breast tumors”. J. Ultrasound
Med., 2013, 32, 2171.

[5] Yi A., Cho N., Chang J.M., Koo H.R., La Yun B., Moon W.K.: “So-

noelastography for 1,786 non-palpable breast masses: diagnostic

value in the decision to biopsy”. Eur. Radiol., 2012, 22, 1033.

[6] Jiang Q., Zhang Y., Chen J., Zhang Y.X., He Z.: “Technical evalua-

tion of Virtual TouchTM tissue quantification and elastography in



Ting Han, Rong Wu, Huan Pu, Ming-Hua Yao, Guang Xu, Hui Liu, Li-Hua Xiang732

benign and malignant breast tumors”. Exp. Ther. Med., 2014, 8,

1059.

[7] Tozaki M., Isobe S., Sakamoto M.: “Combination of elastography

and tissue quantification using the acoustic radiation 249 force im-

pulse (ARFI) technology for differential diagnosis of breast masses”.

JPN. J. Radiol., 2012, 30, 659.

[8] Yao M.H., Wu R., Xu G., Zhao L.X., Liu H., Pu H., et al.: “A novel

two-dimensional quantitative shear wave elastography to make dif-

ferential diagnosis of breast lesions: Comprehensive evaluation and

influencing factors”. Clin. Hemorheol. Microcirc., 2016, 64, 223.

[9] Li X.L., Xu H.X., Bo X.W., Liu B.J., Huang X., Li D.D., et al.:

“Value of Virtual Touch Tissue Imaging Quantification for Evalua-

tion of Ultrasound Breast Imaging-Reporting and Data System Cat-

egory 4 Lesions”. Ultrasound Med. Biol., 2016, 42, 2050.

[10] Tang L., Xu H.X., Bo X.W., Liu B.J., Li X.L., Wu R., et al.: “A novel

two-dimensional quantitative shear wave elastography for differen-

tiating malignant from benign breast lesions”. Int. J. Clin. Exp. Med.,

2015, 8, 10920.

[11] Lee A.H., Ellis IO.: “The Nottingham prognostic index for invasive

carcinoma of breast”. Pathol. Oncol. Res., 2008, 14, 113.

[12] Blamey R.W., Ellis I.O., Pinder S.E., Lee A.H., Macmillan R.D.,

Morgan D.A., et al.: “Survival of invasive breast cancer according to

the Nottingham Prognostic Index in cases diagnosed in 1990-1999”.

Eur. J. Cancer, 2007, 43, 1548.

[13] Sarvazyan A., Hall T.J., Urban M.W., Fatemi M., Aglyamov S.R.,

Garra BS.: “An overview of elastography-an emerging branch of

medical imaging”. Curr. Med. Imaging Rev., 2011, 7, 255.

[14] Gallotti A., D’Onofrio M., Pozzi Mucelli R.: “Acoustic Radiation

Force Impulse (ARFI) technique in ultrasound with Virtual Touch

tissue quantification of the upper abdomen”. Radiol. Med., 2010,

115, 889.

[15] Chen Y.P., Han T., Wu R., Yao M.H., Xu G., Zhao L.X., et al.: “Com-

parison of Virtual Touch Tissue Quantification and Virtual Touch

Tissue Imaging Quantification for Diagnosis of Solid Breast Tumors

of Different Sizes”. Clin. Hemorheol. Microcirc., 2016, 64, 235.

[16] Cho S.H., Lee J.Y., Han J.K., Choi B.I.: “Acoustic radiation force

impulse elastography for the evaluation of focal solid hepatic lesions:

preliminary findings”. Ultrasound Med. Biol., 2010, 36, 202.

[17] Golatta M., Schweitzer-Martin M., Harcos A., Schott S., Gomez C.,

Stieber A., et al.: “Evaluation of virtual touch tissue imaging quan-

tification, a new shear wave velocity imaging method, for breast le-

sion assessment by ultrasound”. Biomed Res. Int., 2014, 2014,

960262.

[18] Mann R.M.: “The effectiveness of MR imaging in the assessment of

invasive lobular carcinoma of the breast”. Magn. Reson. Imaging
Clin. N. Am., 2010, 18, 259.

[19] Nishimura R., Osako T., Okumura Y., Tashima R., Toyozumi Y.,

Arima N.: “Changes in the ER, Pg R, HER2, p53 and Ki-67 biolog-

ical markers between primary and recurrent breast cancer:discor-

dance rates and prognosis”. World J. Surg. Oncol., 2011, 9, 131.

[20] Haybittle J.L., Blamey R.W., Elston C.W., Johnson J., Doyle P.J.,

Campbell F.C., et al.: “A prognostic index in primary breast cancer”.

Br. J. Cancer, 1982, 45, 361.

[21] Albergaria A., Ricardo S., Milanezi F., Carneiro V., Amendoeira I.,

Vieira D., et al.: “Nottingham Prognostic Index in triple-negative

breast cancer: a reliable prognostic tool?” BMC Cancer, 2011, 11,

299.

[22] Lundin J.: “The Nottingham Prognostic Index - from relative to ab-

solute risk prediction”. Eur. J. Cancer, 2007, 43, 1498.

[23] Liu H., Zhao L.X., Xu G., Yao M.H., Zhang A.H., Xu H.X., et al.:
“Diagnostic value of virtual touch tissue imaging quantification for

benign and malignant breast lesions with different sizes”. Int. J. Clin.
Exp. Med., 2015, 8, 13118.

[24] Zellars R.C., Hilsenbeck S.G., Clark G.M., Allred D.C., Herman

T.S., Chamness G.C., et al.: “Prognostic value of p53 for local fail-

ure in mastectomy-treated breast cancer patients”. J. Clin. Oncol.,
2000, 18, 1906.

[25] Hussein M.R., Abd-Elwahed S.R., Abdulwahed A.R.: “Alterations

of estrogen receptors, progesterone receptors and c-erbB2 onco-

geneprotein expression in ductal carcinomas of the breast”. Cell Biol.
Int., 2008, 32, 698.

[26] Ferguson N.L., Bell J., Heidel R., Lee S., Vanmeter S., Duncan L.,

et al.: “Prognostic value of breast cancer subtypes, Ki-67 prolifera-

tion index, age, and pathologic tumor characteristics on breast can-

cer survival in Caucasian women”. Breast J., 2013, 19, 22.

[27] Hanprasertpong J., Tungsinmunkong K., Chichareon S., Wootipoom

V., Geater A., Buhachat R., et al.: “Correlation of P53 and Ki-67

(MIB-1) expression with clinico-pathological features and progno-

sis of early stage cervical aquamous cell carcinomas”. J. Obstet. Gy-
naecol. Res., 2010, 36, 572.

[28] Michaut M., Chin S.F., Majewski I., Severson T.M., Bismeijer T., de

Koning L., et al.: “Integration of genomic, transcriptomic and pro-

teomic data identifies two biologically distinct subtypes of invasive

lobular breast cancer”. Sci. Rep., 2016, 6, 18517.

Corresponding Author:

RONG WU, M.D.

Department of Medical Ultrasound

Shanghai Tenth People’s Hospital

Tongji University School of Medicine

Yan Chang Middle Road 301

Shanghai 200072 (China)

e-mail: cnhtdoc@163.com


