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 Purpose: To evaluate the osteopontin (OPN) protein expression lev-
els in breast carcinomas to determine if they correlate 
with mammographic appearances such as calcifi cations.

 Materials and 
Methods: 

This retrospective study was institutional review board 
approved. Informed consent was obtained from patients. 
Clinical history, histopathologic fi ndings, mammographic 
features, and OPN expression as determined with immu-
nohistochemistry results were evaluated in 141 women 
with breast cancer. The median age of patients was 53 
years (range, 29–82 years). Mammographic features and 
clinicopathologic characteristics were correlated with tu-
mor OPN expression.  x  2  And Fisher exact tests were used 
to evaluate the association of OPN expression with mam-
mographic and clinicopathologic features.

 Results: Calcifi cations on mammograms ( P  = .012), spiculated mar-
gins of mass on mammograms ( P  = .02), “triple-negative” 
(ie, cancer that is estrogen receptor, progesterone recep-
tor, and human epidermal growth factor receptor nega-
tive) phenotype ( P  = .02), and lymph node metastasis 
( P   ,  .0001) were signifi cantly associated with OPN status. 
In contrast to OPN-negative tumors, OPN-positive tumors 
were more likely to have spiculated margins (57.6% vs 9.2%), 
to be associated with calcifi cations (54.3% vs 30.6  %), to 
be a triple-negative phenotype (26% vs 8.1%), and to have 
axillary lymph node metastasis (81.5% vs 38.8%). Most 
calcifi cations were of pleomorphic morphology (60.4% vs 
11.8%,  P  = .046).

 Conclusion: OPN could play a role in the formation of calcifi cations 
that often are associated with breast cancer.

 q  RSNA, 2009

   1   From the Departments of Breast Surgery (X.W., G.M., 
L. Chen  , G.J.), Radiology (M.H., A.O.), and Pathology (H.L., 
X.Z.), Jinan Central Hospital, Medical College, Shandong 
University, 105 Jiefang Road, Jinan 250013, China; and 
Infertility Center, Qilu Hospital, Shandong University, 
Jinan, China (L. Chao). Received April 28, 2009; revision 
requested June 23; revision received July 7; accepted July 
22; fi nal version accepted August 5.  Address 
correspondence to  X.W. (e-mail:  wangxiao@sdu.edu.cn    ). 

  q  RSNA, 2009 



70 radiology.rsna.org n Radiology: Volume 254: Number 1—January  2010

  BREAST IMAGING :  Osteopontin Expression in Breast Carcinoma Wang et al

239 women with invasive breast carci-
noma that was detected during screen-
ing mammography and obtained writ-
ten informed consent from 158 living 
patients. The institutional review board 
ruled that the relatives of 12 women 
who died of breast cancer before the 
start of this study were exempt from 
providing written informed consent. 
Patients were excluded when we could 
not obtain archival paraffi n-embedded 
tumor specimens, clinical information, 
or available preoperative mammograms 
for analysis, and patients with evidence 
of disease within 1 month after primary 
surgery were excluded. Furthermore, pa-
tients with only carcinoma in situ or with 
bilateral breast cancer were excluded 
from this study. Of the 170 patients, a 
total of 29 were excluded because of the 
reasons noted above. The  associations 
of clinicopathologic features (tumor 
subtype, TNM stage, axillary lymph 
node metastasis, and tumor grade) with 
mammographic calcifi cations and mam-
mographic features (mass, calcifi cation, 
architectural distortion, and asymmetric 
density) with HER2/neu overexpression 
in these 141 patients were evaluated in 
our previous study ( 5 ). Additionally, as-
sociations of OPN expression with clini-
copathologic features (triple-negative 
subtype, TNM stage, histologic subtype, 
and tumor grade) in 53 of these patients 
have been reported previously ( 13 ). 

 A breast and gynecologic patholo-
gist (H.L., 30 years of experience) 

have increasingly aggressive behav-
ior and worse prognosis ( 11,12 ). Our 
previous study ( 13 ) showed that mean 
OPN levels were signifi cantly lower in 
the triple-negative breast cancers than 
in the non–triple-negative subtype. As 
a metastasis-associated small integrin-
binding ligand  N -linked glycoprotein 
family member, OPN appears to be a 
plausible mediator involved in the pro-
cess of calcifi cation in breast cancer 
tissues ( 14 ). Bellahcène and Castrovovo 
( 15 ) reported that OPN could play a 
role in the formation of breast calcifi -
cations often associated with malignant 
tumors and speculated that the expres-
sion of OPN may play a critical role in 
facilitating spread of tumor cells to the 
bone microenvironment. 

 Therefore, identifi cation of the OPN 
expression levels in conjunction with 
breast radiologic calcifi cations may pro-
vide additional support for OPN func-
tioning and a better understanding of 
mammographic calcifi cations. However, 
to our knowledge, no study exists about 
the association of OPN expression and 
mammographic calcifi cations. The pur-
pose of the study was to evaluate OPN 
protein expression levels in breast car-
cinomas to determine if they correlate 
with mammographic appearances such 
as calcifi cations. 

 Materials and Methods 

 Patients 
 The institutional review board at the 
Shandong University School of Medi-
cine approved this study. An author 
(G.M.) searched the Jinan Central 
Hospital pathologic database to identify 
women who underwent surgical breast 
treatment between May 2003 and Au-
gust 2006. We mailed consent forms to 

              Calcifi cations represent one of the 
most important mammographic 
fi ndings of breast carcinomas and 

are often the only mammographic sign 
of malignant breast disease. There 
are well-established diagnostic criteria 
based on morphology and distribution 
of the calcifi cations at radiologic exami-
nation. Several investigators have at-
tempted to evaluate and interpret the 
clinical perspective of the relationship 
between mammographic features and 
human epidermal growth factor recep-
tor 2 (HER2)/neu overexpression in 
breast carcinomas and have shown that 
mammographic calcifi cations are cor-
related with HER2/neu overexpression 
in ductal carcinoma in situ ( 1 ), nonpal-
pable breast carcinomas ( 2 ), and in-
vasive breast carcinomas ( 3–5 ). There 
is a considerable need to identify new 
markers associated with progression 
and tumor aggressiveness in conjunc-
tion with mammographic features such 
as calcifi cations to provide more clues 
that would help breast specialists make 
treatment decisions preoperatively. 

 Elevated expression of osteopontin 
(OPN) has been observed in several 
cancers ( 6–8 ). Studies have shown that 
elevated OPN expression is correlated 
with poor prognosis in patients with 
breast cancer ( 9,10 ). On the basis of 
three common molecular markers, es-
trogen receptor, progesterone receptor, 
and HER2/neu analysis, breast tumors 
can be classifi ed into the categories of 
luminal, HER2/neu, and “triple-negative” 
(ie, cancer that is estrogen receptor, 
progesterone receptor, and human epi-
dermal growth factor receptor nega-
tive) phenotypes, and, in this order, 

 Implication for Patient Care 

 The association of OPN expres- n

sion with mammographic calcifi -
cations from this study can be 
used to more precisely predict 
patient outcome and guide the 
therapeutic approach preopera-
tively for patients with breast 
cancer. 

 Advance in Knowledge 

 Osteopontin (OPN) status of  n

patients with breast cancer is 
associated with the presence of 
calcifi cations ( P  = .012), most of 
which are of pleomorphic mor-
phology ( P  = .046), at mammog-
raphy; spiculated margins of 
mass at mammography ( P  = .02); 
triple-negative phenotype 
( P  = .02); and axillary lymph 
node metastasis ( P   ,  .0001). 
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were prepared by omission of the pri-
mary antibody. 

 Estrogen receptor, progesterone 
receptor, and HER2/neu status were 
assessed by using standard immuno-
histochemical methods. Immunohis-
tochemical markers were assayed in 
paraffi n-embedded, formation-fi xed tis-
sue stained with hematoxylin-eosin and 
by using antibodies to the proteins of 
estrogen receptor, progesterone recep-
tor, and HER2/neu (Dako, Glostrup, 
Denmark). For estrogen receptor and 
progesterone receptor, receptor posi-
tivity was based on more than 10% of 
cells testing positive. HER2/neu was as-
sessed with immunohistochemistry and 
was scored on a qualitative scale from 
0 to 3+, based on interpretation of stain-
ing, with 0 and 1+ classifi ed as HER2/
neu negative and 3+ as HER2/neu posi-
tive. Tumor specimens that showed an 
intermediate HER2/neu staining score 
of 2+ were further assayed with fl uo-
rescence in situ hybridization (Vysis  , 
Des Plaines, Ill) to determine the more 
appropriate classifi cation. All samples 
that had intense, complete, membra-
nous staining in more than 10% of in-
vasive neoplastic cells determined with 
immunohistochemistry or the presence 
of HER2/neu gene amplifi cation de-
termined by using fl uorescence in situ 
hybridization were considered HER2/
neu positive. Therefore, in comparing 
groups, HER2/neu positive, luminal 
subtypes were combined into a single 
non– triple-negative group and were com-
pared with the triple-negative group. 

 Evaluation of Anti-OPN 
Immunohistochemical Staining 
 Immunohistochemical staining was eval-
uated and scored by two pathologists 
(H.L. and X.Z., 30 and 35 years of 
experience, respectively) who worked 
independently and were blinded to clin-
ical information. All pathologic speci-
mens   were evaluated during 1 month, 
and agreement on the staining scores 
was by consensus. The overall amount 
of staining for OPN was determined 
on the basis of staining intensity and 
proportion (or extent) of stained tumor 
cells as described by Tuck et al ( 18–20 ). 
The proportion score represented the 

both radiologists had to agree on an 
interpretation before the results were 
recorded. The mammograms were re-
viewed according to the analytic crite-
ria of the Breast Imaging Reporting and 
Data System ( 16,17 ). Mammographic 
fi ndings were categorized as mass, 
calcifi cation, architectural distortion, 
and asymmetric density. For carcinomas 
manifesting as masses at mammog-
raphy, we evaluated the shape, mar-
gin, density, and associated fi ndings. 
For carcinomas with calcifi cations at 
mammography, morphology and dis-
tribution were evaluated. Morphologic 
aspects of calcifi cation were classifi ed 
into four groups: pleomorphic, fi ne lin-
ear, punctuate, or coarse calcifi cations. 
Distribution features were classifi ed as 
clustered, segmental, regional, linear, 
or diffuse. 

 Immunohistochemical Staining Method 
 OPN expression was determined by 
using immunohistochemical staining of 
141 tissue slices by using a mouse an-
tihuman monoclonal osteopontin anti-
body (MAb1433; R&D Systems, Minne-
apolis, Minn). Detection was performed 
with streptavidin-peroxidase complex. 
Histopathologic assessment was per-
formed in paraffi n sections, 4–6  m m in 
thickness. Immunohistochemistry pro-
cedure was performed in slices having 
been incubated in 3% H 2 O 2  in metha-
nol for 10 minutes, followed by wash-
ing in 0.01 mmol/L phosphate-buffered 
saline and treatment with 1% normal 
goat serum for 10 minutes at room tem-
perature (the latter to block nonspecifi c 
binding of the antibody). The slides 
were then incubated with the primary 
mouse   antihuman monoclonal antibody 
(MAb1433, dilution 1:200) for 2 hours 
at 4°C. Sites of primary antibody bind-
ing were identifi ed by incubating blots 
with horseradish   peroxidase-conjugated 
antigoat immunoglobulin G (Santa Cruz 
Biotechnology, Santa Cruz, Calif) (dilu-
tion 1:250), followed by reaction with 
substrate 3,3  9   diaminobenzidine tetra-
hydrochloride. Nonspecifi c staining was 
blocked by incubating slides with 5% 
normal goat serum. Normal gallbladder 
was used as a positive control for OPN. 
Negative controls for immunostaining 

reevaluated pathologic features. The 
tumor subtypes of invasive carcinoma 
were classifi ed as ductal carcinoma 
and others. Other invasive carcino-
mas included medullary, mucinous, or 
lobular carcinomas. Tumor grade of 
invasive carcinomas was classifi ed ac-
cording to the Scarff-Bloom-Richardson 
system. On the basis of the frequency 
of cell mitosis, tubule formation, and 
nuclear pleomorphism, invasive carci-
noma was classifi ed as grade 1 (low), 
grade 2 (moderate), or grade 3 (high). 
Presence of lymph node metastases 
was reviewed for each patient. Tumor 
stage was determined according to the 
Union Internationale Contre le Cancer 
TNM system. All three molecular mark-
ers (estrogen receptor, progesterone 
receptor, and HER2/neu) of these pa-
tients were available. Clinical data were 
collected from the medical fi les. Con-
ventional clinical features were evalu-
ated, including age, menopausal status, 
pathologic grading, and lymph node 
metastasis. All 141 patients included in 
this study had primary breast cancer 
without distant metastases at the time 
of diagnosis. The median age of the pa-
tients was 53 years (age range, 29–82 
years). 

 Mammography 
 Mammograms were obtained with a 
mammographic system (Gold Stan-
dard DR 17; Pan-Pacifi c Enterprises, 
Brewster, NY). Technical specifi cations 
included the following: pixel size, 143 µm; 
number of pixels, 9 million; x-ray 
sensing surface, 3121  3  3121; receptor 
type, hydrogenated amorphous silicon  . 
The standard craniocaudal and lateral 
views were obtained in all patients. 
Full-resolution digital mammography 
of calcifi cations included orthogonal 
magnifi cation projections, usually cran-
iocaudal and mediolateral projections. 
Cone-down magnifi cation views were 
obtained when necessary. All mam-
mograms were evaluated by two expe-
rienced breast radiologists (A.O. and 
M.H., 2 and 11 years of breast imaging 
experience, respectively). The two radi-
ologists reviewed all mammograms ran-
domly during 1 month without knowl-
edge of the clinicopathologic fi ndings; 
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cant difference in other mammographic 
features including mass, architectural 
distortion, and asymmetric density be-
tween the two groups with OPN-positive 
or OPN-negative expression. 

 Correlation between Mammographic 
Calcifi cation Features and OPN 
Expression 
 Of the 65 carcinomas with calcifi ca-
tions at mammography, pleomorphic 
morphology of calcifi cations was sig-
nifi cantly more frequent in carcino-
mas with OPN-positive expression (29 
[60.4%] of 48) than in those with OPN-
negative expression (two [11.8%] of 17, 
 P =  .046) ( Table 3  ). There was no sig-
nifi cant difference in distribution of the 
calcifi cations between the two groups. 

receptor status, HER2/neu overexpres-
sion, and TNM stage between carcino-
mas with OPN-positive or OPN-negative 
expression. 

 Correlation between Mammographic 
Features and OPN Expression 
 Of the 141 breast carcinomas, 55 mani-
fested as a mass (29 with associated 
calcifi cations), 25 as calcifi cations alone, 
20 as architectural distortion (eight with 
associated calcifi cation), and seven as 
asymmetric density (three with associ-
ated calcifi cation) ( Table 2  ,  Fig 2  ). Cal-
cifi cations were more frequent in car-
cinomas with OPN-positive expression 
(50 [54.3%] of 92) than in those with 
OPN-negative expression (15 [30.6%] 
of 49,  P  = .012). There was no signifi -

estimated fraction of positively stained 
tumor cells (score of 0, none; score 
of 1,  �  1/100; score of 2, 1/100–1/10; 
score of 3, 1/10–1/3; score of 4, 1/3–
2/3; score of 5,  �  2/3). The intensity 
score represented the estimated aver-
age staining intensity of positive tumor 
cells (0 = none, 1 = weak, 2 = interme-
diate, 3 = strong). The overall amount 
of staining (intensity plus proportion) 
was 0 to 8 (0 for negative staining and 
2–8 for positive staining ranges). 

 Statistical Analysis 
 One author (G.M.) performed all statis-
tical analyses by using software (SPSS, 
version 11.5; SPSS, Chicago, Ill). The 
 x  2  and Fisher exact tests were used to 
evaluate the association of OPN expres-
sion with mammographic and clinico-
pathologic features. All statistical tests 
were two-sided, and statistical signifi -
cance of observed difference was set at 
 P   ,  .05. 

 Results 

 Clinicopathologic Features of Breast 
Carcinoma according to OPN Expression 
 OPN-positive expression was detected 
in 65% (92 of 141) of the invasive duc-
tal carcinomas ( Table 1  ,  Fig 1  ). Of the 
141 patients, 121 (86%) had invasive 
ductal carcinoma, nine (6.4%) had in-
vasive mucinous carcinoma, six (4.0%) 
had invasive lobular carcinoma, and 
fi ve (3.5%) had medullary carcinoma. 
Tumor grading result was as follows: 
grade 1 in 33  , grade 2 in 88, and grade 
3 in 20 of 141 invasive breast tumors. 

 Axillary lymph node metastases 
were more common in cancers with 
OPN-positive expression than in those 
with OPN-negative expression (81.5% 
vs 38.8%,  P   ,  .0001). There was a bor-
derline signifi cance between menopausal 
status and OPN expression (53.3% vs 
34.7%,  P  = .054). OPN-positive expres-
sion was signifi cantly more frequent in 
patients with triple-negative phenotype 
than in those with non–triple-negative 
breast carcinomas (26% vs 8.1%, 
 P  = .02). There was no signifi cant differ-
ence in tumor subtypes, tumor grades, 
estrogen receptor status, progesterone 

Table 1

Clinicopathologic Features of Primary Breast Carcinoma according to OPN Expression

Clinicopathologic Feature
OPN-Positive Expression 
(n = 92)

OPN-Negative Expression 
(n = 49) P  Value

Tumor subtype .43
 Invasive ductal carcinoma 81 (88.0) 40 (81.6)
 Other 11 (12.0) 9 (18.4)
Estrogen receptor status .49
 Negative 33 (35.9) 14 (28.6)
 Positive 59 (64.1) 35 (61.4)
Progesterone receptor status .89
 Negative 29 (31.5) 16 (32.7)
 Positive 63 (68.5) 33 (67.3)
HER2/neu status .60
 Negative 60 (65.2) 29 (59.2)
 Positive 32 (34.8) 20 (40.8)
Breast carcinoma subtype .02
 Triple negative 24 (26) 4 (8.1)
 Non–triple negative 68 (74) 45 (91.9)
TNM stage .50
 I 25 (27.2) 16 (32.7)
 II 40 (43.5) 23 (46.9)
 III 27 (29.3) 10 (20.4)
Axillary lymph node metastasis ,.0001
 Yes 75 (81.5) 19 (38.8)
 No 17 (18.5) 30 (61.2)
Tumor grade .32
 1 18 (19.6) 15 (30.6)
 2 61 (66.3) 27 (55.1)
 3 13 (14.1) 7 (14.3)
Menopausal status .054
 Premenopausal 43 (46.7) 32 (65.3)
 Postmenopausal 49 (53.3) 17 (34.7)

Note.—Data are numbers of patients, with percentages in parentheses.
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 Correlation between Mass Features at 
Mammography and OPN Expression 
 In the 55 carcinomas manifesting as 
masses at mammography, spiculated 
margin was more common in masses 
with OPN-positive expression (19 
[57.6%] of 33) than in those with OPN-
negative expression (two [9.2%] of 22, 
 P =  .02). Circumscribed margin was 
more frequent in the masses with OPN-
negative expression (seven [31.8%] of 
22) than in those with OPN-positive 
expression (one [3.0%] of 33,  P =  .03) 
( Table 4  ). Calcifi cations as an associ-
ated fi nding of a mass were more fre-
quent in carcinomas with OPN-positive 
expression (24 [72.7%] of 33) than in 
those with OPN-negative expression 
(four [18.2%] of 22,  P  = .03). There 
was no signifi cant difference in either 
shape or density of the masses between 
the two groups. 

Figure 1

Figure 1: Immunohistochemical analyses of OPN expression in primary breast cancers. (a) OPN-negative expression (OPN 
score, � 2). (b) OPN staining score of 5. (c) OPN staining score of 6. (d) OPN staining score of 8. (Streptavidin-peroxidase stain; 
original magnifi cation in a and c, 3200; original magnifi cation in b and d, 3100.)

Table 2

Association between Mammographic Features and OPN Expression

Mammographic Finding
OPN-Positive Expression 
(n = 92)

OPN-Negative Expression 
(n = 49) P  Value

Mass .38
 Yes 33 (35.9) 22 (44.9)
 No 59 (64.1) 27 (55.1)
Calcifi cation .012
 Yes 50 (54.3) 15 (30.6)
 No 42 (45.7) 34 (69.4)
Architectural distortion .98
 Yes 13 (14.1) 7 (14.3)
 No 79 (85.9) 42 (85.7)
Asymmetric density .39
 Yes 3 (3.3) 4 (8.2)
 No 89 (96.7) 45 (91.8)

Note.—Data are numbers of patients, with percentages in parentheses.
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Figure 2

Figure 2: Mediolateral view of representative mammographic features due to OPN-positive expression. (a) Pleomorphic 
calcifi cations in a cluster distribution. (b) Mass with spiculated margin. (c) Pleomorphic calcifi cations in a regional distribution. 
(d) Fine linear calcifi cations.
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information for the decision of treat-
ment strategy before operation. 

 Thurfjell et al ( 21 ) found that small 
invasive breast cancers (1–9 mm) mani-
festing at mammography as casting or 
pleomorphic calcifi cations alone had a 
signifi cantly worse prognosis than other 
types, and Tabar et al ( 22 ) obtained 
similar results, in that mammographic 
casting-type calcifi cations had a worse 
prognosis for survival in tumors of 
14 mm   or smaller, especially for those 
smaller than 9 mm. Furthermore, Tot 
( 23 ) believed that the extent and distri-
bution of lesions in breast carcinomas 
were important biologic prognostic fac-
tors that infl uenced the type and results 
of surgical intervention, as well as the 
propensity for metastasis. Developing 
a unifi ed classifi cation schema that in-
corporates imaging fi ndings such as cal-
cifi cation, molecular subtype, and pre-
dictive biomarkers should help to more 
precisely predict patient outcome. This 
might also lead to prediction of individ-
uals who will be responsive to a specifi c 
therapeutic regimen. Our initial obser-
vation showed that mammographic cal-
cifi cations were associated with HER2/
neu expression ( 5 ). In fact, Kang et al 
( 24 ) found that patients with invasive 
ductal carcinoma with an extensive in-
traductal component showed calcifi ca-
tions at mammography. 

 OPN has been detected in 65%–
70% of primary breast carcinomas 
( 9,25 ). We found that 65% of the car-
cinomas had OPN-positive expression 
in the current study. Oates et al ( 26 ) 
reported that the messenger RNA for 
OPN was expressed at a ninefold higher 
level in the metastatic Ca2–5-LT1 cell 
line than in the nonmetastatic paren-
tal Rama 37 cell line; thus, increasing 
the expression of OPN in a previously 
benign cell line was suffi cient to pro-
duce a metastatic phenotype in a rat 
mammary model. Khan et al ( 27 ) pro-
vided evidence that OPN could enhance 
CD44 messenger RNA expression, in-
crease cell surface expression of CD44 
variant forms without a change in mes-
senger RNA levels, and stimulate cell 
migration in 21NT cells. Furthermore, 
our data and our previous quantitative 
results have shown that patients with 

should prompt a clinician to suspect the 
level of aggressiveness of breast can-
cers, thereby assuring that those likely 
to be potentially the most lethal would 
in turn be treated in a more aggressive 
manner from the outset than others. 
Evaluation of the associations of OPN 
expression with mammographic calci-
fi cations may provide more additional 

 Discussion 

 We found that OPN status of patients 
with breast cancer was associated with 
the presence of calcifi cations, most of 
which were of pleomorphic morphol-
ogy, at mammography; spiculated mar-
gins of mass at mammography; triple-
negative phenotype; and axillary lymph 
node metastasis. These characteristics 

Table 3

Relationship between Mammographic Calcifi cation Features and OPN Expression

Mammographic Calcifi cation 
Feature

OPN-Positive Expression 
(n = 48)

OPN-Negative Expression 
(n = 17) P  Value

Distribution
 Clustered 24 (50.0) 8 (47.1) .90
 Segmental 8 (16.7) 2 (11.8) .98
 Regional 4 (8.3) 2 (11.8) .71
 Linear 6 (12.5) 3 (17.6) .96
 Diffuse 6 (12.5) 2 (11.8) .94
Morphologic aspect
 Pleomorphic 29 (60.4) 2 (11.8) .046
 Fine linear 7 (14.6) 8 (47.0) .08
 Punctate 10 (20.8) 6 (35.3) .55
 Coarse 2 (4.2) 1 (5.9) .79

Note.—Data are numbers of patients, with percentages in parentheses.

Table 4

Association between Mass Features at Mammography and OPN Expression

Mammographic Mass Feature
OPN-Positive Expression 
(n = 33)

OPN-Negative Expression 
(n = 22) P  Value

Mass shape
 Round 7 (21.2) 5 (22.7) .92
 Oval 8 (24.2) 5 (22.7) .92
 Lobulated 3 (9.1) 4 (18.2) .65
 Irregular 15 (45.5) 8 (36.4) .86
Mass margin
 Circumscribed 1 (3.0) 7 (31.8) .03
 Microlobulated 2 (6.1) 5 (22.7) .24
 Obscured 7 (21.2) 3 (13.6) .81
 Indistinct 4 (12.1) 5 (22.7) .61
 Spiculated 19 (57.6) 2 (9.1) .02
Density
 High 21 (63.6) 11 (50.0) .77
 Equal 10 (30.3) 10 (45.5) .61
 Low 2 (6.1) 1 (4.5) .82
Associated fi nding
 Calcifi cation 24 (72.7) 4 (18.2) .03
 Architectural distortion 12 (36.4) 13 (59.1) .45
 Skin retraction 4 (12.1) 3 (13.6) .89

Note.—Data are numbers of patients, with percentages in parentheses.
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synthesis ( 42,43 ) and breast computed 
tomography ( 44 ), will result in high 
spatial resolution to obtain informa-
tion about breast calcifi cations. Further 
accurate evaluation of the correlations 
between OPN expression and radiologic 
calcifi cations is warranted in larger pro-
spective clinical trials by using three-
dimensional approaches. In addition, 
biomarkers (such as OncoType DX, 
MammaPrint, and Breast Insight Dx) 
are commercially available and have 
the advantages of the ease of use of 
formalin-fi xed paraffi n-embedded tissues, 
a continuous rather than dichotomous 
algorithm, an ability to serve as both 
a prognostic and predictive test for 
certain hormonal and chemotherapeu-
tic agents, and a high accrual rate for 
the prospective validation clinical trial 
( 45 ). Further study utilizing multimarker 
panels to evaluate the associations of 
these other markers with mammo-
graphic calcifi cations will be helpful for 
clinical decision. 

 Compared with OPN-negative breast 
cancers, OPN-positive tumors were 
more likely to have calcifi cations, to be 
spiculated, to have pleomorphic calcifi -
cations, to be a triple-negative pheno-
type, and to be associated with axillary 
lymph node metastasis. In the future, 
breast cancer will be treated on the basis 
of the molecular features of the patient’s 
tumor. The association between mam-
mographic features and OPN expression 
may facilitate prognostic assessment 
and guide the therapeutic approach. 
Calcifi cations detected during screen-
ing mammography are not only of di-
agnostic value but are of potential use 
in determining therapeutic options and 
prognosis. 
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