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Abstract: This study was to investigate the association of tumor stiffness on strain elastography with axillary nodal 
status in T1 stage ductal invasive breast cancer, and to correlate the results with pathological findings. Conventional 
ultrasonography and strain elastography were performed in 102 T1 stage ductal invasive breast cancers (median 
diameter: 15.5 mm; range: 6.1-20 mm on US) of 102 women with clinically lymph node-negative breast cancer. The 
relationship between tumor elasticity score and axillary nodal status was assessed by using a logistic regression 
model. The collagen content of 95 tumors was measured by using a specific stain and image processing software. 
Of 102 patients, 21 (20.6%) had axillary nodal metastasis. On univariate analysis, the lymphovascular invasion, tu-
mor grade, and tumor elasticity score were significantly associated with the axillary nodal status of T1 stage ductal 
invasive breast cancers. On multivariate analysis, lymphovascular invasion, tumor grade, and tumor elasticity score 
remained associated with the axillary nodal status. Tumors with an elasticity score of ≥4 had an odds ratio (OR) 
of 5.68 for axillary lymph node metastasis as compared to those with elasticity score of <4 (P=0.045). The tumor 
collagen content was not only correlated significantly with tumor elasticity score (P<0.001), but with lymph node 
metastases in T1 stage ductal invasive breast cancer (P=0.047). Tumor macroscopic stiffness on strain elastogra-
phy is an independent predictor of axillary lymph node metastasis in T1 stage ductal invasive breast cancer without 
clinically axillary nodal metastasis.
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Introduction

With the improvement of breast cancer screen-
ing techniques and the development of health 
consciousness, increasing malignant breast 
tumors are diagnosed at an early stage. 
However, some of them still have poor out-
comes. Among prognostic factors of breast 
cancer (such as tumor size, histological grade, 
axillary nodal status, expression of hormonal 
receptors and human epidermal growth factor 
receptor 2 [HER2]) [1-3], axillary nodal status is 
the most powerful one and crucial for the 
breast cancer management [3-5].

The gold standard for evaluating axillary me- 
tastasis is the pathological findings of lymph 
nodes dissected. Axillary lymph node dissec-
tion (ALND) has been a standard step in the 

treatment of invasive breast cancer. However, 
some studies have shown the incidence of axil-
lary nodal metastasis in early breast tumors is 
low (5-19% in T1a, b and 15-30% in T1c can-
cers) [6-9]. For most patients with early breast 
cancer, ALND may not exert therapeutic effect, 
but can increase the postoperative complica-
tions [7]. In recent years, the sentinel lymph 
node biopsy (SLNB) technique is increasingly 
used and gradually integrates into the guideline 
for the early breast cancer treatment. However, 
it is expensive and invasive and has a risk of 
stain allergy and false negative results. Thereby, 
noninvasive, accurate and feasible detection 
system of axillary metastasis is still needed to 
investigate the breast cancer, especially the 
small invasive, clinically lymph node-negative 
breast cancers.
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Real-time elastography (RTE) is widely applied 
in routine clinical practice and can improve the 
differential diagnosis of breast masses accord-
ing to mass stiffness. Recently, several studies 
have reported the relationship between tumor 
stiffness and axillary nodal metastasis, though 
the conclusions are conflicting. Chang et al [10] 
and Evans et al [11] found that the breast 
tumors’ stiffness determined by shear-wave 
elastography (SWE) in women was associated 
with axillary nodal metastasis at univariate 
analysis. Multivariate analysis showed the 
mean stiffness at SWE was an independent 
predictor of axillary nodal metastasis in women 
with invasive cancer [12]. Therefore, the pres-
ent study was to investigate the relationship 
between macroscopic stiffness of breast 
tumors and axillary nodal involvement in T1 
stage ductal invasive, clinically lymph node-
negative breast cancer.

Materials and methods

Patients

Between September 2013 and January 2015, 
851 breast tumor women (920 lesions) were 
consecutively received ultrasonography in the 
Breast Surgery Department of the First Affiliated 
Hospital of Guangxi Medical University. 
Histopathology was obtained through sono-
graphically guided core needle biopsy or sur-
gery and 575 ductal invasive breast cancers 
were confirmed. Of these invasive tumors, 24% 
(138/575) had the diameter of less than 20 
mm. Breast cancers with missing data on key 
variables-dissatisfactory or substandard strain 
elastographic images (n=5) and those without 
inadequate immunohistochemical results (n= 
4), or with deep involvement (n=6) were exclud-
ed from the present study. In addition, 4 
patients were excluded because they received 
radiotherapy and chemotherapy due to contra-
lateral breast cancer. In addition, 17 tumors 
were excluded, because lymph node metasta-
sis was diagnosed by physical examination or 
ultrasonography. Finally, 102 women with T1 
stage ductal invasive breast carcinoma were 
included for the final analysis and mastectomy 
or breast-conserving therapy was performed in 
all the patients. The mean age was 50.6 ± 11.3 
years (age range: 27-83 years).

This retrospective study was approved by the 
Hospital Institutional Review Board and 
informed consent was obtained before study.

US examination

Conventional B-mode US and elastographic 
images were obtained by using an ultrasound 
machine (GE, Logiq e9, 6.0-15.0 MHz linear 
transducer, USA) and examinations were per-
formed by one of 4 radiologists who had 8-25 
years’ experience in breast US and 3-5 years’ 
experience in ultrasound elastography. During 
the ultrasonography, conventional images, 
Color Doppler images and elastographic imag-
es of breast tumors were stored and used for 
following analysis. The baseline information, 
such as the location, maximal diameter and 
posterior echoes of breast tumors was also 
recorded and analyzed.

Elastographic images were generated by using 
a manual freehand compression technique. 
The ultrasonic probe was oriented perpendicu-
lar to the chest wall, and paralleled to the pec-
toralis muscle. The region of interest (ROI) was 
determined and used for obtaining elasticity 
images: the top of ROI included the subcutane-
ous fat, the bottom of ROI included the pectoral 
muscle and the lateral borders of ROI were 
more than 5 mm away from the lesions [14].

According to the elasticity scoring system 
described by Itoh et al [14], each lesion was 
evaluated and scored. The scoring criteria were 
described in detail as follows: An elasticity 
score of 1, which represents a very soft tumor, 
indicates strain in the entire hypoechoic lesion 
(i.e., the entire lesion is evenly shaded in green); 
an elasticity score of 2, which represents a soft 
tumor, indicates strain in most of the hypoecho-
ic lesions and no strain in several areas (i.e., 
hypoechoic lesions have a mosaic pattern of 
green and blue); an elasticity score of 3, which 
represents the intermediate soft tumor, indi-
cates strain at the periphery of the hypoechoic 
lesion, sparing the center of the lesion (i.e., 
peripheral part of the lesion is green, and cen-
tral part is blue); an elasticity score of 4, which 
represents the stiff tumor, indicates no strain in 
the entire hypoechoic lesion (i.e., the entire 
lesion is blue not including its surrounding 
area); an elasticity score of 5, which represents 
the very stiff tumor, indicates no strain in the 
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entire hypoechoic lesion or the surrounding 
area (i.e., both entire hypoechoic lesion and its 
surrounding area are blue).

Histopathological evaluation

Breast-conserving surgery or mastectomy was 
performed for all the breast cancers. ALND was 
done for patients who refused to receive SLNB 
and those who underwent SLNB and had posi-
tive results. The histological type and grade of 
breast tumors, lymphovascular invasion, immu-
nohistochemical indicators (ER, PR, HER2, P53, 
P16, Ki-67), and axillary nodal status were 
derived from the histopathological report. 
Histological type was determined according to 
the World Health Organization (WHO) histologi-
cal classification of breast tumors [15]. Tumor 
histological grade was determined based on 
the modified Scarff-Bloom-Richardson (SBR) 
system [16]. Tumors with HER2 3+ and those 
with HER2 2+ and presence of gene amplifica-
tion in fluorescence in situ hybridization were 
considered HER2 positive. The cutoff value of 
10% was used to define ER, PR, P53 and P16 
positive, and 14% to define Ki-67 positive [17]. 
According to the immunohistochemical find-
ings, the breast tumors were also divided into 
four molecular subtypes: luminal A (ER+ and/or 
PR+, HER2-), luminal B (ER+ and/or PR+, 
HER2+), HER2/neu (ER-, P-, HER2+) and Triple-
negative (ER-, PR-, HER2-).

In addition, 102 pathological specimens of 
breast malignant tumors were processed for 
Masson’s trichrome staining for the detection 
of collagen content. Seven tumor samples were 
excluded due to unsatisfactory staining. Finally, 
95 tumors undergoing Masson’s trichrome 
staining were used for analysis, including 20 
with lymph node metastasis and 75 without 
lymph node metastasis. Above samples were 
obtained from the Department of Pathology of 
the First Affiliated Hospital of Guangxi Medical 
University. The collagens in tumors were quanti-
fied with the image processing software of Plus 

6.0 (IPP 6.0) and the percentage of areas with 
collagen fibers was recorded.

Statistical analysis

All statistical analyses were performed using 
SPSS software version 17.0 (SPSS, Chicago, IL). 
Two-sample t-test, chi-squared test and Mann-
Whitney rank test were used to investigate  
the relationships between imaging, clinical, 
pathological variables and axillary nodal 
involvement. Variables with significant correla-
tion in univariate analysis were further included 
into a multivariate logistic regression model, 
and binary regression analysis was performed. 
The independent factors of axillary nodal 
metastasis were identified according to the 
odds ratio and 95% confidence interval (CI). A 
value of P less than 0.05 was considered sta-
tistically significant.

Results

The small breast invasive ductal carcinoma of 
102 patients was clinically diagnosed at 
T1N0M0. Among them, 56.9% (58/102) were 
luminal A type, and the percentage of luminal B, 
Her2/neu and triple negative breast carcinoma 
(TNBC) was 12.7% (13/102), 9.8% (10/102) 
and 20.6% (21/102), respectively. A total of 
20.6% (21/102) patients had axillary lymph 
node metastasis. The number of involved 
lymph nodes ranged from 1 to 11, and only five 
patients had ≥4 involved lymph nodes. The 
median size of tumor as measured by US was 
15.5 mm (range, 6.1-20 mm). A total of 6, 28, 
38 and 30 tumors had an elasticity score of 2, 
3, 4 and 5, respectively (Figure 1). The median 
elasticity score was 3.9 (range, 2-5).

Results of univariate analysis of US image vari-
ables, clinical, pathological and axillary nodal 
statuses are shown in Tables 1 and 2. Tumor 
elasticity score (P=0.005), lymphovascular sta-
tus (P<0.001), and histologic grade (P=0.028) 
were significantly correlated with the axillary 

Figure 1. A: Ultrasound elastography of a 17.6-mm-sized, grade 3 primary breast IDC in a 40-year-old woman without 
axillary nodal metastasis showed the hypoechoic lesions with a mosaic pattern of green and blue. The elasticity 
score was 2. B: Ultrasound elastography of an 11.1-mm-sized, grade 2 primary breast IDC in a 61-year-old woman 
without axillary nodal metastasis showed the green periphery and blue center. The elasticity score was 3. C: Ultra-
sound elastography of a 12.5-mm-sized, grade 2 primary breast IDC in a 41-year-old woman without axillary nodal 
metastasis showed the entire lesion was blue (non-including surrounding area). The elasticity score was 4. D: Ul-
trasound elastography of a 12.5-mm-sized, grade 2 primary breasts IDC in a 41-year-old woman with axillary nodal 
metastasis showed both the entire hypoechoic lesion and its surrounding area were blue. The elasticity score was 5.
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Our results showed that the elasticity score as 
determined by RTE was an independent vari-
able associated with axillary nodal metastasis 
in T1 stage, clinically lymph node-negative IDC. 
Malignant tumors are stiffer than normal tis-
sues on a macroscopic scale [20, 21] mainly 
due to the desmoplastic reaction including 
increased collagen matrix deposition, stroma 
cell recruitment and activation, as well as the 
highly linearized and cross-linked tumor-associ-
ated collagens [22, 23]. This stiffer environ-
ment enhances the cell invasion and migration 
[24, 25]. Given this, to investigate the relation-
ship between elasticity score and axillary nodal 
metastasis, Masson’s trichrome staining was 
performed, and the collagen content was deter-

nodal metastasis. A higher incidence of nodal 
metastasis was noted in patients with a higher 
elasticity score group/a lymphovascular 
invasion/a histologic grade of 3. However, the 
statuses of ER, PR, HER2, P53 and P16 had no 
significant correlation with axillary nodal sta-
tus. In multivariate analysis, lymphovascular 
invasion was the most powerful predictor of 
nodal metastasis (P<0.001), elasticity score 
and histologic grade were independent predic-
tors of nodal metastasis in small IDC (P=0.026) 
(Table 3). The small IDC with elasticity score of 
4 or 5 had nearly 5.7 times (OR, 5.68) incre-
ment in the risk for lymphatic metastasis as 
compared to those with elasticity score of 3. 
The negative predictive value (NPV) of low 

tumor elasticity score (<4) was 
94.1% for lymphatic metastasis.

Of 95 tumor samples undergo- 
ing Masson’s trichrome staining, 
the mean collagen proportion in 
tumors with high elasticity score 
and low elasticity score was 30.3% 
(range, 11.4%-68.2%) (Figure 2A 
and 2B) and 17.3% (range, 4.0%-
40.3%) (Figure 2C and 2D), 
respectively, showing a significant 
difference between them (P< 
0.001). Furthermore, the mean 
collagen proportion of patients 
with nodal metastasis was signifi-
cantly higher than that of patients 
without lymph nodal involvement 
[(30.5.4 ± 12.7)% vs. (24.6 ± 
13.2)%; P=0.047] (Table 4).

Discussion

Due to its convenience, non-inva-
siveness, good repeatability and 
no extra cost, RTE is widely applied 
in clinical settings. According to 
the 5-point score system, RTE is 
routinely used to distinguish malig-
nant breast lesions from benign 
ones [14, 18, 19], although it is 
insensitive to the tumor depth and 
tumor volume. In the present 
study, all the elasticity images of 
breast tumors were scored by an 
experienced radiologist and the 
results are in high reliability.

Table 1. Lymph node involvement in relation to clinical and 
ultrasonic variables

Variables Number of 
patients

Node posi-
tive (%) P-value

Age (mean ± SD; year) 50.6 ± 11.3 49.0 ± 14.1 0.487
    <40 15 7 (46.7) 0.441
    40-50 36 4 (11.1)
    50-60 32 5 (15.6)
    >60 19 5 (26.3)
Menopausal status
    Pre 45 9 (20) 0.896
    Post or peri 57 12 (20.1)
Location
    Outer 66 14 (21.2) 0.855
    Areola 7 2 (28.6)
    Inner 29 5 (17.2)
Size (mm) 15.5 ± 3.5 16.4 ± 2.8 0.212
    <10 10 1 (10) 0.236
    10-15 30 5 (16.7)
    >15 62 15 (24.2)
BI-RADS
    3 2 0 (0) 0.028
    4a or 4b 21 2 (9.5)
    4c 13 1 (7.7)
    5 66 18 (27.3)
Elasticity score (mean ± SD) 3.9 ± 0.9 4.4 ± 0.7 0.005
    2 6 0 (0)
    3 28 2 (7.1)
    4 38 9 (23.7)
    5 30 10 (33.3)
Elasticity score group
    <4 34 2 (5.9) 0.009
    ≥4 68 19 (27.9)
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thus the conclusion of other studies, in which 
tumor size was independently associated with 

mined in the present study. Results showed 
that breast tumors with a high elasticity score 

had significantly more collagen than 
those with a low elasticity score, and 
the elasticity score of breast cancer 
was closely related to the collagen 
content. Some studies on SWE and 
piston compression device in mouse 
breast cancer models showed a sig-
nificant correlation between tumor 
internal stiffness or bulk modulus 
value and collagen content [26, 27]. 
However, no study has been conduct-
ed to investigate this relationship in 
human breast cancer.

The relationship between collagen 
content of breast cancers and lymph 
node metastasis is still unclear and 
few studies have been performed 
before. Epithelial tumor cells progress 
within collagen-dense microenviron-
ments, and collagen density may pro-
mote the mammary tumor initiation, 
progression, and metastasis [28]. 
One study using a xenograft model of 
human breast tumor showed Col1 
fiber density was significantly higher 
in the primary human breast cancer 
with nodal metastasis, in which Col1 
fiber was detected by second har-
monic generation (SHG) microscopy 
and Col1 fiber density was quantified 
using a SHG image analysis software 
[29]. Our findings from women with T1 
stage IDC were in agreement with the 
findings of Kakkad et al [29].

Collagen content may influence the 
stiffness of breast cancer and region-
al lymph node metastasis, which part-
ly explains why the stiffness of tumor 
measured by sonoelastography was 
independently associated with axil-
lary nodal involvement in T1 stage IDC 
in our study.

This study had several limitations. 
First, all the breast cancers were IDC, 
without other histopathologic types of 
breast cancer included. Thus, the 
relationship between breast cancer of 
other pathological types and lymph 
node metastasis was not studied. 
Second, the number of tumors small-
er than 10 mm in size was small, and 

Table 3. Multivariate logistic regression analysis

Odds ratio 95% confidence 
interval P-value

Lymphovascular invasion
    Yes 9.74 2.96-32.05 <0.001
    No 1.00
Elasticity score 2.56 1.153-5.663 0.021
    ≥4 5.68 1.04-31.12 0.045
    <4 1.00
Histological grade
    1 or 2 1.00 1.12-10.24 0.031
    3 3.38

Table 2. Lymph node involvement in relation to histological 
variables

Variables Number of 
patients

Node positive 
(%) P-value

Histological grade
    1 or 2 77 12 (15.6) 0.028
    3 25 9 (36)
Lymphovascular invasion
    Presence 21 12 (57.1) <0.001
    Absence 81 9 (11.1)
ER status
    Positive 64 10 (15.6) 0.108
    Negative 38 11 (28.9)
PR status
    Positive 60 11 (18.3) 0.501
    Negative 42 10 (23.8)
Her2 status
    Positive 23 6 (26.1) 0.468
    Negative 79 15 (19.0)
Ki-67 status
    Positive 67 17 (25.4) 0.098
    Negative 35 4 (11.4)
P53 status
    Positive 48 8 (16.7) 0.356
    Negative 54 13 (24.1)
P16 status
    Positive 52 7 (13.5) 0.069
    Negative 50 14 (28)
Subtype 
    Luminal A 58 9 (15.5) 0.139
    Luminal B 13 3 (23.1)
    Her2/neu 10 3 (30)
    Triple-negative 21 6 (28.6)
Footnotes: ER: oestrogen receptor; PR: progesterone receptor.



Macroscopic tumor stiffness and axillary nodal status in ductal invasive breast cancer

3377 Int J Clin Exp Med 2016;9(2):3371-3379

81160280) and the Provincial Department of 
Science and Technology, Guangxi Zhuangzu 
Autonomous Region, China (No. 2013 [353]-
38). The authors thanked the Laboratory of the 
First Affiliated Hospital of Guangxi Medical 
University for Technical Assistance.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Zhi-Xian Li, De- 
partment of Ultrasound, The First Affiliated Hospital, 
Guangxi Medical University, 6 Shuangyong Road, 
Nanning 530021, Guangxi, China. Tel: +86-
13878898503; E-mail: lizhixiandoc@sina.com

References

[1] Cianfrocca M and Goldstein LJ. Prognostic and 
predictive factors in early-stage breast cancer. 
Oncologist 2004; 9: 606-616.

[2] Axelsson CK, During M, Christiansen PM, 
Wamberg PA, Soe KL and Moller S. Impact on 
regional recurrence and survival of axillary sur-
gery in women with node-negative primary 
breast cancer. Br J Surg 2009; 96: 40-46.

[3] Fitzgibbons PL, Page DL, Weaver D, Thor AD, 
Allred DC, Clark GM, Ruby SG, O’Malley F, 
Simpson JF, Connolly JL, Hayes DF, Edge SB, 
Lichter A and Schnitt SJ. Prognostic factors in 
breast cancer. College of American Pathologists 

axillary nodal metastasis [7, 8, 30, 31], was not 
obtained in the present study Third, this study 
was to use elasticity scores of breast cancer to 
predict the axillary nodal metastasis, which 
may help avoid excessive surgical treatment in 
a part of small breast cancers. Hence, patients 
with positive nodal involvement as determined 
by clinical or imaging examinations were exclud-
ed before study, and only T1 stage, clinically 
lymph node-negative IDC was included for anal-
ysis. Fourth, although the association of RTE 
with axillary nodal involvement in T1 stage duc-
tal invasive is statistically significant, the speci-
ficity is low and there was only 33.3% even for 
the score of 5. At last, due to the complex struc-
ture of breast cancer and the disorganized 
arrangement of collagen fibers, the findings 
from this ingle-centered study with a small 
sample size are still needed to be confirmed by 
future studies. In further work, studies with 
large sample size are required to validate the 
relationship between breast cancer stiffness 
and collagen content, as well as between col-
lagen content and regional lymph node metas-
tasis. At the same time, the ARFI or SWE may 
be added to further quantify the stiffness of 
breast cancer.

In conclusion, our results show an independent 
association between stiffness of T1 stage duc-
tal invasive breast cancer and axillary nodal 

metastasis. The elasticity evaluation of 
breast cancer, which is easily obtained in 
clinical practice, is useful in the assess-
ment and staging of small breast cancer, 
and may also join the predictive model of 
lymph node involvement in small breast 
cancers.

Acknowledgements

The study was supported by the National 
Natural Science Foundation of China (No. 

Figure 2. Masson’s trichrome staining of breast tumors with elasticity scores of 3 (A) and 5 (C) showed collagens 
were blue-green. Values are the percentages of area occupied by collagens in each field. The color photos were con-
verted to black-white ones using a image processing software, and the proportions of bright areas were measured 
as collagen content (B, D).

Table 4. Tumor collagen content in relation to lymph 
node status and elasticity score 
Variables Collagen content (mean ± SD) P-value
Lymph node status
    Positive (n=17) 27.7 ± 11.9 0.015
    Negative (n=17) 18.6 ± 8.4
Elasticity score
    <4 21.1 ± 12.4 0.018
    ≥4 33.4 ± 14.9

mailto:lizhixiandoc@sina.com


Macroscopic tumor stiffness and axillary nodal status in ductal invasive breast cancer

3378 Int J Clin Exp Med 2016;9(2):3371-3379

Consensus Statement 1999. Arch Pathol Lab 
Med 2000; 124: 966-978.

[4] Siziopikou KP, Schnitt SJ, Connolly JL and 
Hayes DF. Detection and Significance of Occult 
Axillary Metastatic Disease in Breast Cancer 
Patients. Breast J 1999; 5: 221-229.

[5] Mann GB, Port ER, Rizza C, Tan LK, Borgen PI 
and Van Zee KJ. Six-year follow-up of patients 
with microinvasive, T1a, and T1b breast carci-
noma. Ann Surg Oncol 1999; 6: 591-598.

[6] Bezic J, Samija-Projic I, Projic P, Ljubkovic J, 
Capkun V and Tomic S. Can we identify the 
group of small invasive (T1a,b) breast cancers 
with minimal risk of axillary lymph node in-
volvement? A pathohistological and DNA flow 
cytometric study. Pathol Res Pract 2011; 207: 
438-442.

[7] Yip CH, Taib NA, Tan GH, Ng KL, Yoong BK and 
Choo WY. Predictors of axillary lymph node me-
tastases in breast cancer: is there a role for 
minimal axillary surgery? World J Surg 2009; 
33: 54-57.

[8] Aitken E and Osman M. Factors affecting nodal 
status in invasive breast cancer: a retrospec-
tive analysis of 623 patients. Breast J 2010; 
16: 271-278.

[9] Hieken TJ and Velasco JM. Selective or routine 
axillary disease staging for patients with clini-
cally lymph node-negative breast cancer? 
Surgery 2006; 140: 500-507; discussion 507-
508.

[10] Chang JM, Park IA, Lee SH, Kim WH, Bae MS, 
Koo HR, Yi A, Kim SJ, Cho N and Moon WK. 
Stiffness of tumours measured by shear-wave 
elastography correlated with subtypes of 
breast cancer. Eur Radiol 2013; 23: 2450-
2458.

[11] Evans A, Whelehan P, Thomson K, McLean D, 
Brauer K, Purdie C, Baker L, Jordan L, 
Rauchhaus P and Thompson A. Invasive breast 
cancer: relationship between shear-wave elas-
tographic findings and histologic prognostic 
factors. Radiology 2012; 263: 673-677.

[12] Yi A, Moon WK, Cho N, Chang JM, Bae MS, Kim 
SJ, Han W and Park IA. Association of tumour 
stiffness on sonoelastography with axillary 
nodal status in T1 breast carcinoma patients. 
Eur Radiol 2013; 23: 2979-2987.

[13] American College of Radiology. Breast imaging 
reporting and data system, Brest imaging at-
las. Reston, VA: American College of Radiolog; 
2003.

[14] Itoh A, Ueno E, Tohno E, Kamma H, Takahashi 
H, Shiina T, Yamakawa M and Matsumura T. 
Breast disease: clinical application of US elas-
tography for diagnosis. Radiology 2006; 239: 
341-350.

[15] Tavassoli FA and Devilee P. World Health 
Organization classification of tumors. Tumor of 

the breast and females genital organs. Lyon: 
IARC Press; 2003.

[16] Elston CW and Ellis IO. Pathological prognostic 
factors in breast cancer. I. The value of histo-
logical grade in breast cancer: experience from 
a large study with long-term follow-up. Elston 
CWand Ellis IO. Histopathology 1991; 19: 403-
410. Histopathology 2002; 41: 151-152; dis-
cussion 152-153.

[17] Goldhirsch A, Wood WC, Coates AS, Gelber RD, 
Thurlimann B and Senn HJ. Strategies for sub-
types--dealing with the diversity of breast can-
cer: highlights of the St. Gallen International 
Expert Consensus on the Primary Therapy of 
Early Breast Cancer 2011. Ann Oncol 2011; 
22: 1736-1747.

[18] Barr RG, Destounis S, Lackey LB 2nd, Svensson 
WE, Balleyguier C and Smith C. Evaluation of 
breast lesions using sonographic elasticity im-
aging: a multicenter trial. J Ultrasound Med 
2012; 31: 281-287.

[19] Yerli H, Yilmaz T, Kaskati T and Gulay H. 
Qualitative and semiquantitative evaluations 
of solid breast lesions by sonoelastography. J 
Ultrasound Med 2011; 30: 179-186.

[20] Levental KR, Yu H, Kass L, Lakins JN, Egeblad 
M, Erler JT, Fong SF, Csiszar K, Giaccia A, 
Weninger W, Yamauchi M, Gasser DL and 
Weaver VM. Matrix crosslinking forces tumor 
progression by enhancing integrin signaling. 
Cell 2009; 139: 891-906.

[21] Cox TR and Erler JT. Remodeling and homeo-
stasis of the extracellular matrix: implications 
for fibrotic diseases and cancer. Dis Model 
Mech 2011; 4: 165-178.

[22] Arendt LM, Rudnick JA, Keller PJ and 
Kuperwasser C. Stroma in breast development 
and disease. Semin Cell Dev Biol 2010; 21: 
11-18.

[23] Provenzano PP, Eliceiri KW, Campbell JM, 
Inman DR, White JG and Keely PJ. Collagen re-
organization at the tumor-stromal interface fa-
cilitates local invasion. BMC Med 2006; 4: 38.

[24] Haage A and Schneider IC. Cellular contractili-
ty and extracellular matrix stiffness regulate 
matrix metalloproteinase activity in pancreatic 
cancer cells. Faseb J 2014; 28: 3589-3599.

[25] Chen SY, Lin JS and Yang BC. Modulation of 
tumor cell stiffness and migration by type IV 
collagen through direct activation of integrin 
signaling pathway. Arch Biochem Biophys 
2014; 555-556: 1-8.

[26] Fenner J, Stacer AC, Winterroth F, Johnson TD, 
Luker KE and Luker GD. Macroscopic stiffness 
of breast tumors predicts metastasis. Sci Rep 
2014; 4: 5512.

[27] Chamming’s F, Latorre-Ossa H, Le Frere-Belda 
MA, Fitoussi V, Quibel T, Assayag F, Marangoni 



Macroscopic tumor stiffness and axillary nodal status in ductal invasive breast cancer

3379 Int J Clin Exp Med 2016;9(2):3371-3379

E, Autret G, Balvay D, Pidial L, Gennisson JL, 
Tanter M, Cuenod CA, Clement O and Fournier 
LS. Shear wave elastography of tumour growth 
in a human breast cancer model with patho-
logical correlation. Eur Radiol 2013; 23: 2079-
2086.

[28] Provenzano PP, Inman DR, Eliceiri KW, Knittel 
JG, Yan L, Rueden CT, White JG and Keely PJ. 
Collagen density promotes mammary tumor 
initiation and progression. BMC Med 2008; 6: 
11.

[29] Kakkad SM, Solaiyappan M, Argani P, Sukumar 
S, Jacobs LK, Leibfritz D, Bhujwalla ZM and 
Glunde K. Collagen I fiber density increases in 
lymph node positive breast cancers: pilot 
study. J Biomed Opt 2012; 17: 116017.

[30] Halpern MT, Chen AY, Marlow NS and Ward E. 
Disparities in receipt of lymph node biopsy 
among early-stage female breast cancer pa-
tients. Ann Surg Oncol 2009; 16: 562-570.

[31] Evans A, Rauchhaus P, Whelehan P, Thomson 
K, Purdie CA, Jordan LB, Michie CO, Thompson 
A and Vinnicombe S. Does shear wave ultra-
sound independently predict axillary lymph 
node metastasis in women with invasive 
breast cancer? Breast Cancer Res Treat 2014; 
143: 153-157.


