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Abstract: Background: Previous studies have shown the poor prognosis of metastatic breast cancer including bone 
metastasis. The early prediction and intervention of invasive breast carcinoma with bone metastasis are crucial to 
the outcomes of patients. The purpose of our study is to test the hypothesis that the collagen deposition of primary 
breast cancer can be used as a quantitative biomarker for the early prediction of bone metastasis. Methods: A total 
of sixty breast cancer patients were included in our study, and the surgical specimens of these patients were divided 
into three groups: patients with no metastasis (group 1), lymph node metastasis (group 2), and bone metastasis 
(group 3). Masson’s trichrome staining and hematoxylin and eosin staining were applied to all primary breast can-
cers. Collagen area percentage and tumor cell measurement of each sample were measured by HistoQuest soft-
ware. Results: Measurement results of collagen area percentage (%) in primary breast tumors were 32.39 ± 13.30, 
25.37 ± 11.10, and 22.71 ± 8.91 for groups 1, 2, and 3, respectively. The corresponding P values were 0.0779 
(group 1 vs. group 2), 0.4086 (group 2 vs. group 3), and 0.0102 (group 1 vs. group 3). The correlation between col-
lagen area percentage and tumor cell measurement were group 1 (P = 0.5927, r = -0.1273), group 2 (P = 0.5711, 
r = -0.1348), and group 3 (P = 0.0003, r = -0.7253). Conclusions: The collagen deposition of primary breast cancer 
can be used as a quantitative biomarker for the early prediction of bone metastasis.
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Introduction

Breast cancer (BC) is the most common cancer 
among females worldwide [1, 2]. In China, due 
to the increase of risk factors associated with 
changing lifestyles, BC rates increase in recent 
years. The total mortality was estimated to  
be 70.7 thousand [3]. Approximately 30% of 
women initially diagnosed with early-stage BC 
will ultimately develop metastatic lesions, often 
months or even years later [4, 5]. BC mainly 
metastasizes to regional lymph node, skeleton 
system, lungs, liver, and brain via the circula-
tion [6]. A study of total 784 metastatic breast 
cancer (mBC) patients showed that axillary 
lymph node metastases occurred in 520 
patients (66.3%), and the common involved dis-
tant organs were as follows: bone metastases 
in 374 patients (47.7%), liver metastases in 

239 patients (30.5%), lung metastases in 201 
patients (25.6%), and brain metastases in 54 
patients (6.9%) [7].

The skeleton is a common site for metastases 
from BC, and it is often associated with pro-
gressive debility. Patients with bone metasta-
ses are vulnerable to complications or skeletal-
related events (SREs), defined as fracture, spi-
nal cord compression, and surgery or radiation 
to bone. Aside from the large amount health 
care costs, the SREs also have a significant 
impact on overall quality of life, and the occur-
rence of SREs is associated with worse survival 
as well. Radiation and systemic therapies may 
be used, but just for palliation of pain in these 
patients [8]. Thus, it is very important to predict 
bone metastases at an early stage to minimize 
SREs and to prolong survival time after the ini-
tial diagnosis.

http://www.ajtr.org
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The purpose of our study is to test the hypoth-
esis that the collagen deposition of primary 
breast cancer can be used as a quantitative 
biomarker for the early prediction of bone 
metastasis.

Materials and methods

Collecting of surgical specimens

This retrospective study of pathological sam-
ples was approved by the institutional review 
board of Shandong university, and the informed 
consent was obtained from all patients. Sixty 
patients having primary invasive breast carci-
noma were included in this study. All the paraf-
fin-embedded surgical specimens of the prima-
ry breast tumor were acquired from patients of 
Qilu hospital, Shandong university between 
2009 and 2014. The primary invasive breast 
carcinoma dissections and regional lymph 
node dissections were carried out among all 
these 60 patients. All patients’ paraffin-embed-

Hematoxylin and eosin (HE) staining, Masson’s 
trichrome staining, and histologic evaluation

All the paraffin-embedded surgical specimens 
of the primary breast tumor were trimmed using 
a microtome, and then cut into 5 µm slices [9, 
10]. The slides were submitted to the pathology 
core for HE staining and Masson’s trichrome 
staining [11-14]. The HE and trichrome staining 
were carried out in the same batch for all the 
samples. 

To quantify the amount of fibrosis in each BC 
primary tumor, the area of collagen in each 
tumor trichrome-stained slice was measured 
and compared with the overall tumor area. 
Specifically, trichrome-stained slides were 
scanned at 10× magnification and digitized 
using the TissueFAXS system (TissueGnostics, 
Los Angeles, CA, USA) [15, 16]. Next the ac- 
quired images were analyzed using HistoQuest 
cell analysis software (TissueGnostics) for the 
automated measurement of the collagen tissue 

Figure 1. Clinical information of the three groups of patients (non-metastasis, 
lymph node metastasis, and bone metastasis): age (A), pathologic grade (B), 
greatest tumor diameter (C), and follow-up time (D).

ded tissue blocks containing 
the primary breast tumor 
and their original medical 
records were attainable for 
the purpose of follow up 
studies. Specimens were 
collected from BC patients 
without any lymph node and 
other site metastasis (group 
1; n = 20), with only lymph 
node metastases (group 2; n 
= 20), or with bone metasta-
ses (group 3; n = 20). All the 
medical reports pertaining 
to clinical pathological char-
acteristics of these patients 
were retrieved from the de- 
partment of pathology. Clin- 
ical information, for exam-
ple, the primary tumor size, 
lymph node metastasis sta-
tus, distant metastasis sta-
tus, and the histological gr- 
ade of these invasive breast 
carcinomas, were recorded. 
The pathological tumor-no- 
de-metastasis (pTNM) clas-
sification system (Internati- 
onal Union against Cancer) 
was applied to identify the 
stages of these invasive bre- 
ast carcinomas. 
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area within each slide. The same threshold was 
used for all samples to segment distinct blue-
stained areas for automated identification as 
collagen tissue. The total tumor tissue area 
was measured as well. The percentage of col-
lagen tissue was expressed as a percentage of 
collagen area/total tumor area [17].

For tumor cell measurement, the digital HE 
slides were imported into the HistoQuest soft-
ware, and the same threshold was used for all 
samples to segment distinct “nuclear” for auto-
mated identification of tumor cells. The thresh-
old of the staining mean intensity and cut-off 
value were determined after the multiple tests, 
and the unattended analysis was carried out 
automatically [18, 19]. The region of interest 
(ROI) area of each slide was six square milli- 
meters.

Statistical analyses

The statistical calculations were performed 
with software SPSS version 23 (IBM, New York, 
USA). Data were presented as mean ± standard 
deviation (SD). The unpaired student’s t-test 
was used to test the relevant variables, such as 
the collagen area percentage and the tumor 
cell measurement. Pearson correlation coeffi-
cients were calculated to assess the relation-
ship between collagen area percentage and 
tumor cell measurement. P < 0.05 was consid-
ered to indicate a statistically significant differ- 
ence.

Results

There was no significant difference in age and 
tumor pathologic grade among the three groups 
of patients. The significant difference of the 
greatest tumor diameter was observed between 
group 1 and group 2, between group 1 and 
group 3, but not between group 2 and group 3. 
Besides, the significant difference of the follow-
up time existed between group 1 and group 3, 
between group 2 and group 3, but not between 
group 1 and group 2, which were conformed to 
the expectation since patients with bone me- 
tastases always lived a shorter period of time 
than those with or without lymph node metas-
tases. All clinical information described above 
was shown in Figure 1. Pathological results 
showed that forty-seven patients had infiltrat-
ing ductal carcinoma, seven patients had infil-
trating lobular carcinoma, three patients had 
infiltrating mucinous carcinoma, two patients 
had basaloid carcinoma, and one patient had 
invasive tubular carcinoma.

Invasive ductal carcinoma is the most common 
type of breast cancer. About 80% of all breast 
cancers are invasive ductal carcinomas. Three 
representative HE stained images (TissueFAXS) 
from group 1, group 2 and group 3 were shown 
in Figure 2A-C, and the corresponding magni-
fied images of some areas were shown with 
arrows in Figure 2A1-C1. There was no promi-
nent tubule formation or small round nuclei in 
these three groups. The group 1 and group 2 

Figure 2. (A-C) Representative HE images of patients with no metastasis (A), lymph node metastasis (B), and bone 
metastasis (C). Scale bar indicates 100 µm. (A1-C1) Magnified images of typical areas from patients with no me-
tastasis (A1), lymph node metastasis (B1), and bone metastasis (C1). Scale bar indicates 25 µm. (D) Tumor cell 
measurement result of the three groups of patients (non-metastasis, lymph node metastasis, and bone metasta-
sis), the corresponding P values: P = 0.8048 (group 1 vs. group 2); P < 0.0001 (group 2 vs. group 3); P = 0.0081 
(group 1 vs. group 3).
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Table 1. Histologic characteristics of 60 breast cancer patients (in accordance with the metastatic status)

Characteristics Group 1 Group 2 Group 3 
P value 

(group 1 vs. 
group 2)

P value 
(group 2 vs. 

group 3)

P value 
(group 1 vs. 

group 3)
mean ± SD (median, range)

Masson’s staining ROI area (mm2) 27.32 ± 9.67
(27.09, 10.51-47.30)

46.36 ± 12.64
(51.36, 18.90-61.69)

40.71 ± 14.85
(39.15, 18.51-72.87)

< 0.0001 0.2033 0.0017

Collagen area (mm2) 8.90 ± 4.84
(8.40, 1.74-21.24)

11.62 ± 5.43
(11.13, 2.39-22.01)

9.28 ± 4.78
(8.64, 2.05-17.98)

0.1036 0.1573 0.8047

Collagen area percentage (%) 32.39 ± 13.30
(31.00, 9.98-54.77)

25.37 ± 11.10
(24.98, 10.01-52.19)

22.71 ± 8.91
(24.27, 5.03-34.29)

0.0779 0.4086 0.0102

Tumor cell measurement (six mm2) 35661.95 ± 10966.80
(32263.00, 21169.00-57675.00)

34979.90 ± 5472.62
(33782.50, 26151.00-44830.00)

43010.85 ± 4234.56
(43676.50, 36368.00-52802.00)

0.8048 < 0.0001 0.0081

SD (Standard deviation); ROI (Region of interest).
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had solid tumor cell clusters and single infiltrat-
ing tumor cells as well as the nuclear pleomor-
phism and mitotic figures, which were the mani-
festation of moderately differentiated carcino-
ma. For group 3, the image contained ragged 
nests or solid sheets of tumor cells with 
enlarged irregular nuclei, tumor necrosis, a 
greater degree of nuclear pleomorphism and 
more mitotic figures, which were the presenta-
tion of poorly differentiated carcinoma. 

The quantitative tumor cell measurement was 
conducted automatically using HistoQuest soft-
ware (Version 4.0.4.168) [18, 19], and the 
results were shown in Table 1. There were 
35661.95 ± 10966.80 (median, 32263.00; 
range, 21169.00 to 57675.00), 34979.90 ± 
5472.62 (median, 33782.50; range, 26151.00 
to 44830.00), and 43010.85 ± 4234.56 (medi-
an, 43676.50; range, 36368.00 to 52802.00) 
in group 1, group 2, and group 3, respectively. 
The tumor cell measurement was calculated by 
the amount of tumor cell nucleus, and the cor-
responding results were summarized as a box 
plot (Figure 2D). There was significant differ-
ence between group 1 and group 3 (P = 
0.0081), between group 2 and group 3 (P < 
0.0001), but not between group 1 and group 2 
(P = 0.8048).

Three representative Masson’s trichrome sta- 
ined images are from group 1, group 2, and 
group 3 in Figure 3A-C. The corresponding 
magnified images in Figure 3A1-C1 showed 

that the collagen shape of invasive breast carci-
noma had a large variety, which could be 
described as straight, intermediate, and curly. 
The sample area and collagen area were  
measured by HistoQuest software (Version 
4.0.4.168), and the collagen area percentage 
was calculated. The quantitative measurement 
results of the ROI area (mm2) were shown in 
Table 1. The corresponding results were 27.32 
± 9.67 (median, 27.09; range, 10.51 to 47.30), 
46.36 ± 12.64 (median, 51.36; range, 18.90 to 
61.69), and 40.71 ± 14.85 (median, 39.15; 
range, 18.51 to 72.87) for groups 1, 2, and 3, 
respectively. There was significant difference 
between group1 and group 2 (P < 0.0001), 
between group 1 and group 3 (P = 0.0017), but 
the significant difference was not observed 
between group 2 and group 3 (P = 0.2033). The 
results of the distinct blue-stained collagen 
area (mm2) were 8.90 ± 4.84 (median, 8.40; 
range, 1.74 to 21.24), 11.62 ± 5.43 (median, 
11.13; range, 2.39 to 22.01), and 9.28 ± 4.78 
(median, 8.64; range, 2.05 to 17.98) for group 
1, group 2, and group 3, respectively. There 
was no significant difference between groups 
for the collagen area. Measurement of collagen 
area percentage (%) for groups 1, 2, and 3 were 
32.39 ± 13.30 (median, 31.00; range, 9.98 to 
54.77), 25.37 ± 11.10 (median, 24.98; range, 
10.01 to 52.19), and 22.71 ± 8.91 (median, 
24.27; range, 5.03 to 34.29), respectively. A 
descending trend from group 1 to group 3 was 
observed in the results (Figure 3D). The signifi-

Figure 3. (A-C) Representative Masson’s trichrome stained images of patients with no metastasis (A), lymph node 
metastasis (B), and bone metastasis (C). Scale bar indicates 100 µm. (A1-C1) Magnified images of specific collagen 
fiber areas from patients with no metastasis (A1), lymph node metastasis (B1), and bone metastasis (C1). Scale 
bar indicates 25 µm. (D) Collagen area percentage (%) result of the non-metastasis group, lymph node metastasis 
group, and bone metastasis group; the corresponding P values: P = 0.0779 (group 1 vs. group 2), P = 0.4086 (group 
2 vs. group 3), and P = 0.0102 (group 1 vs. group 3).
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cant difference existed between group 1 and 
group 3 (P = 0.0102), but not between group 1 
and group 2 (P = 0.0779), or between group 2 
and group 3 (P = 0.4086). 

To find out the correlation between collagen 
area percentage and tumor cell measurement, 
we used the Pearson correlation analysis for 
each group of patients. The corresponding 
results (r value) for groups 1, 2, and 3 were 
-0.1273, -0.1348, and -0.7253, respectively 
(Figure 4A-C). There was significance in group 3 
(P = 0.0003), but not in group 1 (P = 0.5927) or 
group 2 (P = 0.5711). Furthermore, the com-
parison diagram of collagen area percentage 
and tumor cell measurement was used as 
Figure 4D to show the trend of these two 
parameters.

Discussion

The progression of breast cancer is significant-
ly influenced by its surrounding stromal tissue. 
Particularly, collagen fibers in tumor-adjacent 
stroma affect tumor growth and metastasis 

tion compared with the normal breast tissue, 
but this was not included in our study since the 
investigation of normal breast tissue could not 
be approved by our institutional review board 
[23]. A large variety of shapes of collagen struc-
ture in the three groups of invasive breast car-
cinoma were found in our study, which were 
also reported by previous report [24].

Other studies showed a contrary opinion. In a 
transgenic mouse model study, results demon-
strated that the increased collagen density can 
promote the tumorigenesis, local invasion, and 
metastasis in mouse mammary tumor, and this 
indicated that the tumor formation and pro-
gression was closely associated with the incre- 
ased stromal collagen deposition [25]. Another 
study also showed the correlation between col-
lagen content and malignant progression of BC 
using human breast tissue samples [26]. By 
quantifying the samples of invasive ductal car-
cinoma, ductal carcinoma in situ, and adjacent 
normal tissue, they found that the collagen con-
tent increased from normal tissue through duc-
tal carcinoma in situ to invasive ductal carcino-

Figure 4. (A-C) Correlation between collagen area percentage (%) and tumor 
cell measurement for the patients with no metastasis (A), lymph node metas-
tasis (B), and bone metastasis (C); the corresponding statistical results: non-
metastasis group (P = 0.5927, r = -0.1273), lymph node metastasis group (P 
= 0.5711, r = -0.1348), and bone metastasis group (P = 0.0003, r = -0.7253). 
(D) The trend existing in the results of collagen area percentage and tumor cell 
measurement from the non-metastasis group through lymph node metastasis 
group to bone metastasis group.

[20-22]. In our study, we 
investigated the relationship 
between the relative content 
of collagen in early stage 
invasive breast carcinoma 
specimen and the long-term 
occurrence of bone metasta-
sis by using the Masson’s tri-
chrome staining technique. 
To reduce bias, the collagen 
area percentage was used in 
the study. Our study shows 
that a strong correlation 
exists between the collagen 
component of early stage br- 
east carcinoma and the later 
occurrence of bone metasta-
sis. Moreover, strong correla-
tion between collagen area 
percentage and tumor cell 
measurement was observed 
in each group of patients.

There were two contradictory 
viewpoints towards the rela-
tionship between human BC 
progression and collagen 
deposition. Previous study 
showed that BC stroma con-
tained less collagen deposi-
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ma in the trichrome stained samples. Given the 
existence of these two contrary conclusions 
discussed above, further studies need to be 
conducted because the correlation between 
collagen deposition and bone metastasis has a 
critical impact on the early prediction and effec-
tive treatment of the invasive breast cancer 
patients.

There were two main limitations consisting in 
our study. First, the sample size of this study 
was comparatively small, and it may not be big 
enough to reflect the overall situation. But, to 
the best of our knowledge, there was no similar 
research in human invasive breast carcinoma. 
Second, there was no significant correlation 
between collagen area percentage and tumor 
cell measurement in group 1 and group 2. More 
studies with a larger sample size will be per-
formed to better verify the correlation between 
collagen content and bone metastasis, and 
between collagen content and tumor cell 
measurement.

Conclusion

The collagen deposition of primary breast can-
cer can be used as a quantitative biomarker for 
the early prediction of bone metastasis.
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