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Mammographic Features Are Associated with
Clinicopathological Characteristics
in Invasive Breast Cancer
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Abstract. Aim: To assess the correlation between
mammographic features and clinicopathologic characteristics
of invasive breast carcinoma. Patients and Methods: The
mammographic appearance and clinicopathological data of
108 invasive ductal carcinomas were retrospective analyzed.
The mammographic features were assessed according to BI-
RADS by two doctors. Estrogen receptor (ER), progesterone
receptor (PR), human epidermal growth factor receptor 2
(Her2) and Ki-67 were analyzed on the surgically removed
tumor samples by immunohistochemical staining analysis. The
clinical information, including age, menopausal status, tumor
size, grade, stage, and axillary lymph node status, were
collected from our database. Statistical analysis was
performed to assess the correlation between mammographic
features and clinicopathologic characteristics. Results: Based
on pathologic analysis, 19 out of the 108 (18%) patients had
invasive ductal carcinoma (IDC) accompanied by component
of ductal carcinoma in situ (DCIS); another 89 cases (82%)
were pure IDC. Sixty-three patients had a mass on the
mammogram; the mammographically visible mass was
frequently observed in histologically pure IDC, while
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mammographic calcification was significantly associated with
IDC accompanied with DCIS (p<0.01). Mammographic
calcification accompanied by evident mass was correlated
with axillary lymph node metastasis (p<0.05). The tumor size
was usually larger than 2 cm when the mammographic mass
was accompanied by calcification (p<0.01). Tumors from
patients presenting with spiculated mass had a significantly
higher ER-positive and PR-positive rates than those from
patients presenting with non-spiculated mass (92.59% vs.
63.89%, p<0.01, and 92.59% vs. 44.44%, p<0.01,
respectively). Tumors from patients presenting with spiculated
mass had Her2 negativity (p<0.05) and lower proliferative
activity as labeled by Ki-67 compared with those from patients
presenting with non-spiculated mass (p<0.01). Conclusion:
Based on our current findings, the mammographic appearance
reflects the biologic behavior of the breast tumor and should
be taken into account when planning treatment for IDC.

Worldwide, it is estimated that more than one million women
are diagnosed with breast cancer every year, and it accounts
for about 410,000 deaths per year (1). Breast cancer is
already the leading cause of cancer in Southeast Asian
women, and is second only to gastric cancer in East Asian
women (2). In some areas of China, the incidence of breast
cancer was recorded to be increasing by 5% per year, an
increase greater than that worldwide (3). The application of
mammography benefits more and more patients by leading to
earlier detection and management because the introduction of
mammography screening has led to an increased detection of
smaller invasive tumors without local or distant metastasis.
Breast cancer often exhibits intratumoral heterogeneity, so
that mammographic patterns of breast cancer have a wide range
of variation. Recently, we reported that mammographically
occult breast cancer had a worse prognosis compared with
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mammographically positive breast cancer (4). In addition, it
has been reported that some particular histological types of
breast carcinomas have certain specific mammographic
features. Mucinous carcinoma of the breast usually presents as
a mass with a well-defined margin rather than a spiculated one,
and is associated with the absence of calcifications (5-7), while
tubular carcinoma of the breast usually manifests as a small
spiculated mass (8-10). Both of these types have more
favorable prognosis than common invasive ductal carcinoma.
To our knowledge, there are few articles reporting the
mammographic features of invasive ductal carcinomas (IDC).
The aim of the current study was to evaluate the different
types of mammographic tumoral appearances for their
relationships with clinical, pathological and biological
characteristics in a series of patients with IDC.

Patients and Methods

Patients. Patients involved in this study were a series of 108 cases
who underwent surgery in Qilu Hospital Shandong University
between June 2008 and March 2010. All cases were of unilateral
breast ductal carcinoma and all patients were women between the
ages of 27 and 79 years (mean age 49 years). Sixty-two out of 108
women were premenopausal, 46 were postmenopausal. All patients
received preoperative mammography bilaterally without regard to
whether the lesion was palpable. Clinical information,
mammograms and pathological data of each patient for the duration
of hospital stay were collected.

Mammography. Every patient received mammography screening
bilaterally before the surgery with the use of a Mammomat
Novation DR system (Simmens AG, Germany). Craniocaudal view
(CC) and mediolateral view (ML) were performed routinely for all
patients, and mediolateral oblique view (MLO) was obtained when
necessary. All mammograms were reviewed by two skilled doctors
blinded to the pathological and clinical information. All the
mammograms were assessed according to the analytic criteria of
Breast Imaging Reporting and Data System (BI-RADS) in which
the mammographic features mass, calcification, architectural
distortion and asymmetric density were recorded (11).

In this study, patients with a mass on the mammogram were
divided into groups of spiculated and non-spiculated or regular and
irregular, according to the shape or margin of the mass, respectively.
The density of mammogram was classed into four groups: I: the
breast is almost entirely fat (<25% glandular); II: there are scattered
fibroglandular densities (approximately 25-50% glandular); III: the
breast tissue is heterogeneously dense (approximately 51-75%
glandular); IV: the breast tissue is extremely dense (>75%
glandular). The morphology and distribution of calcification was not
taken into account because the number of the patients with
calcification was too low for statistical analysis.

Histopathology and immunohistostaining analysis. All the tumors
were IDC, some of which were accompanied by component of
ductal carcinoma in situ (DCIS), with infiltrative peculiar
carcinomas excluded. In this study, histology category was classified
into two groups, unmixed IDC and IDC with component of DCIS.
The tumor size and grade of IDC were also taken into account.
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Grades of IDC were classified into three levels according to the
Scarff-Bloom-Richardson system, the grade being determined by the
frequency of cell mitosis, tubule formation (percentage of tumor
composed of tubular structures), and nuclear pleomorphism (change
in cell size and uniformity) (12). The axillary lymph node status was
described as being positive or negative. The tumor stage was
determined according to the American Joint Committee on Cancer
Staging for Breast Cancer (13).

The immunohistostaining analysis was performed with PV-9000
Polymer Detection System for Immuno-Histological Staining (GBI,
USA). The paraffin embedded tumor sections were deparaffinized
and gradually rehydrated through changes of graded ethanol from
100% to distilled water. The sections were then incubated in 3%
perhydrol for 10 minutes to block endogenous peroxidase.
Pretreatment of sections was carried out with 0.1M Tris/HCI (pH6)
for 15 minutes at 98°C. Primary antibodies against estrogen recptor
(ER) (clone 1D5), progesterone receptor (PR) (clone SP2), human
epidermal growth factor receptor 2 (Her2) (clone CB11) and Ki-67
(clone K-2) (all GBI) were diluted and added to sections which
were then incubated at 28°C for 3 hours. Samples were then washed
in three changes of phosphate-buffer saline (PBS) for 2 minutes
each and sequentially incubated with Polymer Helper and poly
peroxidase-anti-mouse/rabbit IgG at 37°C for 20 minutes. The
diaminobenzidine (DAB) reaction was used in order to visualize the
complex of antibody-antigen. After a final wash with distilled water,
counterstaining with hematoxylin, dehydrating through graded
ethanol series and then mounted. Immunohistochemistry was
successful in all 108 cases for ER, PR, Her2 and Ki-67 staining.

ER and PR were considered positive if nuclear staining was
present in =10% of the cells, and Ki-67 expression was considered
positive in cases of a substantial percentage of positively stained
nuclei (>30%). Her2 expression was graded as recommended by the
HercepTest™ scoring guidelines as: 0: no staining at all or
membrane staining in <10% of tumor cells; 1+: a faint/barely
perceptible partial membrane staining in >10% of the tumor cells;
2+: weak to moderate complete membrane staining in >10% of
tumor cells; 3+: strong complete membrane staining in>10% of cells.
Her2/neu was considered to be positive if the score was 2+ or 3+.

Statistical analysis. All data were analyzed using Statistical Package
for the Social Sciences statistical software (version 10.0; SPSS Inc.,
Chicago, IL, USA). Correlations between mammographic
appearance and clinicopathological parameters of IDC were also
evaluated by chi-square test. All statistical tests were two-sided. A
p-value of <0.05 was considered as being significant.

Results

As shown in Table I, the 108 patients involved in this study
ranged in age from 27 to 79 years (mean 49 years). Fifty-
seven percent (n=62) of the patients were premenopausal and
43% (n=46) were postmenopausal. As shown in Table II,
18% (n=19) of the tumors manifested mammographic low
density and 82% high density. Fifty-eight percent (n=63) of
the patients had a mammographic mass (Figure 1), 44%
(n=48) had calcifications, 23% (n=25) had both a mass and
calcifications on the mammogram (Figure 2), and 8% (n=9)
had architectural distortion (Figure 3). In addition, 12%
(n=13) of the tumors were invisible on mammography. In
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Table 1. Clinicopathological characteristics of the patients.

Table II. Mammographic features of breast tumors.

Age, years (mean, range) 49 (27-79)

Menopausal status (n=108)

Premenopausal 62 (57.41%)

Postmenopausal 46 (42.59%)
Lymph node status (n=105)

Negative 59 (56.19%)

Positive 46 (43.81%)
Menarche age, years (n=108)

<13 30 (27.78%)

>13 78 (72.22%)

Histology (n=108)

Invasive ductal

Invasive ductal with DCIS
Tumor size, cm (n=102)

89 (82.41%)
19 (17.59%)

<2 55 (53.92%)

>2 47 (46.08%)
Grade of invasive ductal carcinoma(n=98)

I 10 (10.20%)

I 74 (75.51%)

11 14 (14.29%)

82 (75.93%)
72 (66.67%)
29 (26.85%)
61 (56.48%)
15 (13.89%)

Estrogen receptor-positive (n=108)
Progesterone receptor-positive (n=108)
Her2 -positive (n=108)

Ki-67-positive (n=108)

Triple negative (n=108)

DCIS: Ductal carcinoma in situ.

other words, there were 23 patients with calcifications only
on the mammogram, and 38 patients with evident mass
without calcifications on the mammogram. When a mass was
visible in both CC and ML views, the margin and shape were
assessed. Forty three percent (n=27) of the 63 tumors had a
spiculated margin, and 16 % (n=10) were regular in shape.
All 108 cases were demonstrated to have IDC pathologically.
Eighty-two percent (n=89) were purely IDC, and 18%
(n=19) were accompanied by components of DCIS. The
tumors ranged in size from 0.5 cm to 9 cm. Histological
grade was assessed in 98 patients according to the Scarff-
Bloom-Richardson system. Ten percent (n=10) of the tumors
were grade I, 76% (n=74) were grade II, and 14% (n=14)
were grade III. Axillary lymph nodes were dissected for 105
patients, 44% (n=46) were found to be tumor positive.
Immunohistochemical staining was performed on paraffin
sections of all the 108 cases for ER, PR, Her2 and Ki67.
Seventy-six percent (n=82) were positive for ER, 67%
(n=72) for PR, 27% (n=29) for Her2, and 56% (n=61) for
Ki-67. Furthermore, 14% (n=15) of the patients were triple
negative for ER, PR and Her2.

High mammographic density was associated with young
age (<50 years) and premenopausal status (p<0.05) (Table
IIT). As shown in Table IV, postmenopausal patients usually
showed a mass on the mammogram more frequently than
premenopausal ones (p<0.05). The majority of masses were

Calcification*(n=108)
Mass** (n=108)
Margin (n=63)
Spiculated
Non-spiculated
Shape (n=63)
Regular
Irregular
Negative (n=108)
Calcification only (n=108)
Mass only (n=108)
Calcification with mass (n=108)
Architectural distortion (n=108)
Percentage density of breast
Almost entirely fat (<25% glandular)
Scattered fibroglandular densities (25-50%)
Heterogeneously dense (51-74%)
Extremely dense (>75%)

48 (44.44%)
63 (58.33%)

27 (42.86%)
36 (57.14%)

10 (15.87)
53 (84.13%)
13 (12.04%)
23 (21.30%)
38 (35.18%)
25 (23.15%)
9 (8.33%)

19 (17.59%)
38 (35.19%)
31 (28.70%)
20 (18.52%)

*Including all cases that showed calcification on the mammogram.
**Including all cases that showed mass on the mammogram.

Table III. Correlations
clinicopathologic features.

between ~mammographic density and

Low High P-value
density density

Age (years)
<50 5 59 <0.01
>50 14 30

Menarche age (years)
<I3 3 27 >0.05
>13 16 62

Menopausal status
Premenopausal 3 59 <0.01
Postmenopausal 16 30

Estrogen receptor status
Negative 6 20 >0.05
Positive 13 69

Progesterone receptor status
Negative 8 28 >0.05
Positive 11 61

Ki-67 status
Negative 7 40 >0.05
Positive 12 49

unmixed IDC (p<0.01), majority of
calcifications were found in cases of those accompanied by
component of DCIS (p<0.01). As shown in Table V, if the
lesions appeared as calcification on the mammogram,
whether with or without mass, the tumor was usually larger
than 2 cm in size (p<0.01) and with axillary lymph node
metastasis (p<0.05).

whereas the
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Figure 1. Invasive ductal carcinoma presenting as mass on the mammogram.

Table IV. Correlation between breast mass and clinicopathologic
parameters.

Table V. Correlation between tumor calcification and clinicopathologic
parameters.

Clinicopathologic Mass* n(%) %2 P-value Clinicopathologic Calcification* n(%) e P-value
parameter parameter
Negative Positive Negative Positive

Menopausal Histology

Premenopausal 31 (28.70%) 31 (28.70%) 4.1590 0.0497 Invasive ductal 55(50.93%) 34 (31.48%) 7.9834 0.0096
status Invasive ductal 5(4.63%) 14 (12.96%)

Postmenopausal 14 (12.96%) 32 (29.63%) with DCIS
Histology Tumor size (cm)

Invasive ductal 29 (26.85%) 60 (55.56%) 17.1694 <0.0001 <2 cm 40 (39.22%) 15 (14.71%) 13.7378  0.0003

Invasive ductal 16 (14.81%) 3 (2.78%) >2 cm 17 (16.67%) 30 (29.41%)

with DCIS Node status

Negative 39 (37.14%) 20 (19.05%) 6.4281 0.0172

*Corresponds to those cases presenting masses on the mammogram Positive 19 (18.10%) 27 (25.71%)

with or without calcifications. DCIS: Ductal carcinoma in situ.

To further explore the correlation between mammographic
features and clinicopathological characteristics, we divided the
patients into 5 groups according to the mammographic
appearance (Table VI): negative, type A calcification only, type
B mass only, type C mass associated with calcification and, type
D architectural distortion only. We did not find any significant
relationship ~ between  architectural  distortion  and
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*Corresponds to those cases presenting calcification on the
mammogram with or without an evident mass. DCIS: Ductal carcinoma
in situ.

clinicopathologic parameters in our study. There was no
significant difference in clinicopathologic characteristics
between mammographically negative and positive types.
Patients presenting with Type A tumors were more frequently
to have IDC associated with DCIS in histopathology than other
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Figure 2. Invasive ductal carcinoma accompanied by ductal carcinoma in situ presenting as mass with calcification on the mammogram.

Figure 3. Invasive ductal carcinoma presenting as architectural distortion on the mammogram.

2331



ANTICANCER RESEARCH 37: 2327-2334 (2011)

Table VI. Correlations between the mammographic appearance and clinicopathologic features.

Mammographic appearance

Negative Type A Type B Type C Type D

n P-value n P-value n P-value n P-value n P-value
Histological type 13 23 38 25 9

IDC 10 >0.05 11 <0.01 37 <0.01 23 >0.05 8 >0.05
IDC+DCIS 3 12 1 2 1
Menopausal status 13 23 38 25 9

Premenopausal 10 >0.05 15 >0.05 16 <0.05 15 >0.05 6 >0.05
Postmenopausal 3 8 22 10 3
Tumor size (cm) 12 22 37 23 8

<2 8 >0.05 9 >0.05 25 <0.05 6 <0.01 7 >0.05
>2 4 13 12 17 1
Lymph node status 13 23 36 24 9

Negative 9 >0.05 12 >0.05 23 >0.05 8 <0.05 7 >0.05
Positive 4 11 13 16 2

Type: A: calcifications without an evident mass; B: masses without calcifications; C: evident mass with calcifications inside or outside of the mass;
D: without a mass or calcification but with architectural distortion. IDC: Invasive ductal carcinoma; DCIS: ductal carcinoma in situ.

types (p<0.01). Patients presenting with Type B tumor on
mammography were usually found to have unmixed IDC in
histopathology (p<0.01), and tended to be postmenopausal
(p<0.05). If the mass was accompanied by calcifications on the
mammogram, the tumor size was frequently larger (>2cm).
Axillary lymph node metastasis was also significantly related
to mammographic mass accompanied by calcification (p<0.05).
Sixty-seven percent (n=16) of cases with mammographic mass
were accompanied by calcification and 37% (n=30) of all the
other patients had positive axillary lymph nodes (p<0.05).
Tumors presenting as masses with or without calcifications
on mammography were further divided into two groups,
spiculated and non-spiculated, according to the marginal status.
Twenty-seven masses had a spiculated margin, and 36 masses
were non-spiculated. As shown in Table VII, the margin status
was significantly related to molecular factors. Spiculated masses
had a significantly higher ER-positive rate and PR-positive rate
than non-spiculated masses (25/27, 92.59% vs. 23/36, 63.89%,
p<0.01 and 25/27, 92.59% vs. 16/36, 44.44%, p<0.01,
respectively). Significant correlations were also observed
between Ki-67 positivity, overexpression of Her2 and spiculated
margin status. On the contrary, the Ki-67 positivity of spiculated
masses was lower than those that of non-spiculated masses
(8/27, 29.63% vs. 30/36, 83.33%, p<0.01). In addition, the
majority of spiculated masses were Her2 negative (p<0.05).

Discussion

Mammography has become the most valuable diagnostic
approach for breast lesions and has increased in frequency
throughout the world, accompanied by the reduction of
mortality of breast cancer. However, not all breast
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Table VII. Correlation between spiculated margin and Immunohisto-
chemistry status.

Margin n(%) 2 P-value

Marker Non-spiculated ~Spiculated

Estrogen receptor

Negative 13 (20.63%) 2 (3.17%) 7.0073 <0.01
Positive 23 (36.51%) 25 (39.68%)

Progesterone receptor
Negative 20 (31.75%) 2 (3.17%) 15.7384 <0.01
Positive 16 (25.40%) 25 (39.68%)

Her2
Negative 21 (33.33%) 23 (36.51%) 52814 <0.05
Positive 15 (23.81%) 4 (6.35%)

Ki-67
Negative 6 (9.52%) 19 (30.16%) 18.5905 <0.01
Positive 30 (47.62%) 8 (12.70%)

carcinomas can be detected by mammography, and patients
whose tumors have a negative mammographic appearance
usually have a poor prognosis. Mammographic features can
help determine which appropriate surgery should be
performed. For example, the absence of mammographic
calcifications is important for breast-conserving surgery of
primary breast cancer (14, 15). The ductal type is the most
frequent histological variety amongst invasive breast
carcinomas, and we exclusively selected IDC to explore
possible relationships between mammographic appearances
with clinical, pathological and biological characteristics.
High breast density was associated with a 1.8- to 6.0 fold
increase in breast cancer risk (16, 17). Breast density is
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positively associated with stromal and epithelial cell
proliferation, as well as some growth factors, such as insulin-
like growth factor-1 (IGF-1), in premenopausal women (18,
19). We found that low breast density was associated with
postmenopausal status, and age more than 50 years, with the
proportion of mammographic mass in postmenopausal women
being significantly higher than that in premenopausal women
(47.83% vs.25.81%, p<0.05). This difference may due to the
decline of mammographic sensitivity for women with high
breast density, especially in young women, with the tumor
covered by pyknotic tissue. Our findings were consistent with
a previous report that increased mammographic density may
reduce mammographic sensitivity (20). Porter et al. found that
tumors in fatty breasts were more likely to appear as indistinct
or spiculated masses in contrast to that in dense breasts, which
more commonly manifesting as architectural distortions (21).

Calcification was identified in 48 out of the 108 (44%)
cases, comparable with previous reports (22, 23). On the
contrary to other studies (24, 25), we did not find any
relationship between calcification and menopausal status, or
Her2 expression. This difference may due to the fact that the
tumors of patients involved in our study were all IDC; we
excluded pure DCIS, which was more likely to be Her2-
positive or associated with premenopausal status.
Calcification status was frequently observed in IDC with
DCIS. In the 23 patients who showed only calcification on
mammogram, 52% (12/23) had component of DCIS,
significantly higher than the other types of mammographic
appearance (p<0.01). Mammographic mass was frequently
observed in tumors without DCIS (p<0.01). Mammographic
calcification was thus associated with component of DCIS,
while mammographic mass was correlated with pure IDC
without DCIS. In addition, we found that a
mammographically visible mass with calcification was more
likely to be observed for tumor larger than 2 cm, consistent
with previous findings by Gajdos et al. (26). Tumors
appearing as calcifications on mammography were positively
associated with axillary lymph node metastasis (p<0.05);
further analysis showed that the lymph node-positive rate of
tumors with only calcifications on mammography was not
higher than that of other types (47.83% compared with
42.68%, p>0.05). Therefore, we conclude that calcification
accompanied by mass on the mammogram is positively
correlated with axillary lymph node metastasis of IDC.

The assessment of several molecular markers, such as
hormone receptors, Her2 status, and Ki-67, have been
demonstrated to contribute significantly to the management
of breast carcinoma. In the present study, we focused on the
relationship between mammographic spiculated mass and
immunohistochemical markers ER, PR, Her2 and Ki-67. Our
results showed that the tumors manifesting as spiculated mass
on mammography were strongly associated with the positive
expression of hormone receptors, Her2 negativity and lower

proliferative activity as shown by Ki-67 labeling. Our findings
may explain findings from previous reports that spiculated
mass can predict good outcome and excellent prognosis (27-
29). If the tumor has a spiculated margin on mammography
but is hormone receptor-negative, we should consider it
necessary to re-do the immunohistochemical staining in order
to avoid patients not being offered endocrine therapy when
indicated.

In conclusion, mammographic calcification accompanied
by evident mass was correlated with larger tumor size and
axillary lymph node metastasis. Tumors in patients
presenting with spiculated mass showed positive hormonal
receptor status, Her2 negativity and lower proliferative
activity. Based on our current findings, the mammographic
appearance reflects the biologic behavior of the breast tumor
and should be taken into account when planning treatment
for IDC.

Conflict of Interest

All the Authors have no conflict of interest to declare.

Acknowledgements

This project was supported by the Program for New Century
Excellent Talents in University, Key Project of Chinese Ministry of
Education (No. 108080), National Natural Science Foundation of
China (No. 30772133; No.81072150) and Independent Innovation
Foundation of Shandong University (IIFSDU, No0.2009JQ007) to
Professor Q. Yang.

References

1 Coughlin SS and Ekwueme DU: Breast cancer as a global health
concern. Cancer Epidemiol 33(5): 315-318, 2009.

2 Breast cancer in developing countries. Lancet 374(9701): 1567,
2009.

3 Wang QJ, Zhu WX, Xing XM: Analysis of the incidence and
survival of female breast cancer in Beijing during the last 20
years. Zhonghua Zhong Liu Za Zhi 28(3): 208-210, 2006.

4 Yang TJ, Yang Q, Haffty BG and Moran MS: Prognosis for
mammographically occult, early-stage breast cancer patients
treated with breast-conservation therapy. Int J Radiat Oncol Biol
Phys 76(1): 79-84, 2010.

5 Memis A, Ozdemir N, Parildar M, Ustun EE and Erhan Y:
Mucinous (colloid) breast cancer: mammographic and US features
with histologic correlation. Eur J Radiol 35(7): 39-43, 2000.

6 Matsuda M, Yoshimoto M, Iwase T, Takahashi K, Kasumi F,
Akiyama F and Sakamoto G: Mammographic and clinico-
pathological features of mucinous carcinoma of the breast. Breast
Cancer 7(1): 65-70, 2000.

7 Goodman DN, Boutross-Tadross O and Jong RA: Mammographic
features of pure mucinous carcinoma of the breast with
pathological correlation. Can Assoc Radiol J 46(4): 296-301, 1995.

8 Gunhan-Bilgen I and Oktay A: Tubular carcinoma of the breast:
mammographic, sonographic, clinical and pathologic findings.
Eur J Radiol 61(1): 158-162, 2007.

2333



ANTICANCER RESEARCH 37: 2327-2334 (2011)

9 Daniele S, Imbriaco M, Riccardi A, Selva G, di Nuzzo L,
Salvatore M and Sodano A: Mammographic and sonographic
features of tubular breast carcinoma. Tumori 89(4): 417-20, 2003.

10 Leibman AJ, Lewis M and Kruse B: Tubular carcinoma of the
breast: mammographic appearance. AJR Am J Roentgenol
160(2): 263-265, 1993.

11 Baker JA, Kornguth PJ and Floyd CE Jr.: Breast imaging
reporting and data system standardized mammography lexicon:
observer variability in lesion description. AJR Am J Roentgenol
166(4): 773-778, 1996.

12 Le Doussal V, Tubiana-Hulin M, Friedman S, Hacene K,
Spyratos F and Brunet M: Prognostic value of histologic grade
nuclear components of Scarff-Bloom-Richardson (SBR). An
improved score modification based on a multivariate analysis of
1262 invasive ductal breast carcinomas. Cancer 64(9): 1914-
1921, 1989.

13 Singletary SE, Allred C, Ashley P, Bassett LW, Berry D, Bland
KI, Borgen PI, Clark G, Edge SB, Hayes DF, Hughes LL, Hutter
RV, Morrow M, Page DL, Recht A, Theriault RL, Thor A,
Weaver DL, Wieand HS and Greene FL: Revision of the
American Joint Committee on Cancer staging system for breast
cancer. J Clin Oncol 20(17): 3628-3636, 2002.

14 Faverly DR, Hendriks JH and Holland R: Breast carcinomas of
limited extent: frequency, radiologic-pathologic characteristics,
and surgical margin requirements. Cancer 9/(4): 647-659, 2001.

15 Kollias J, Gill PG, Beamond B, Rossi H, Langlois S and Vernon-
Roberts E: Clinical and radiological predictors of complete
excision in breast-conserving surgery for primary breast cancer.
Aust N Z J Surg 68(10): 702-706, 1998.

16 Lam PB, Vacek PM, Geller BM and Muss HB: The association of
increased weight, body mass index, and tissue density with the risk
of breast carcinoma in Vermont. Cancer 89(2): 369-375, 2000.

17 Vacek PM and Geller BM: A prospective study of breast cancer
risk using routine mammographic breast density measurements.
Cancer Epidemiol Biomarkers Prev /3(5): 715-722, 2004.

18 Alowami S, Troup S, Al-Haddad S, Kirkpatrick I and Watson
PH: Mammographic density is related to stroma and stromal
proteoglycan expression. Breast Cancer Res 5(5): R129-135,
2003.

19 Byrne C, Colditz GA, Willett WC, Speizer FE, Pollak M and
Hankinson SE: Plasma insulin-like growth factor (IGF) I, IGF-
binding protein 3, and mammographic density. Cancer Res
60(14): 3744-3748, 2000.

20 Rosenberg RD, Hunt WC, Williamson MR, Gilliland FD, Wiest
PW, Kelsey CA, Key CR and Linver MN: Effects of age, breast
density, ethnicity, and estrogen replacement therapy on screening
mammographic sensitivity and cancer stage at diagnosis: review
of 183,134 screening mammograms in Albuquerque, New
Mexico. Radiology 209(2): 511-518, 1998.

2334

21 Porter GJ, Evans AJ, Cornford EJ, Burrell HC, James JJ, Lee AH
and Chakrabarti J: Influence of mammographic parenchymal
pattern in screening-detected and interval invasive breast cancers
on pathologic features, mammographic features, and patient
survival. AJR Am J Roentgenol /88(3): 676-683, 2007.

22 Ildefonso C, Vazquez J, Guinea O, Perez A, Fernandez A, Corte
MD, Junquera S, Gonzalez LO, Pravia P, Garcia-Moran M and
Vizoso FJ: The mammographic appearance of breast carcinomas
of invasive ductal type: relationship with clinicopathological
parameters, biological features and prognosis. Eur J Obstet
Gynecol Reprod Biol 136(2): 224-231, 2008.

23 Liapis H, Crouch EC, Grosso LE, Kitazawa S and Wick MR:
Expression of parathyroid-like protein in normal, proliferative,
and neoplastic human breast tissues. Am J Pathol 743(4): 1169-
1178, 1993.

24 Zunzunegui RG, Chung MA, Oruwari J, Golding D, Marchant
DJ and Cady B: Casting-type calcifications with invasion and
high-grade ductal carcinoma in sifu: a more aggressive disease?
Arch Surg 738(5): 537-540, 2003.

25 Wang X, Chao L, Chen L, Tian B, Ma G, Zang Y, Hua M and
Sun J: Correlation of mammographic calcifications with
Her-2/neu overexpression in primary breast carcinomas. J Digit
Imaging 21(2): 170-176, 2008.

26 Gajdos C, Tartter PI, Bleiweiss 1J, Hermann G, de Csepel J,
Estabrook A and Rademaker AW: Mammographic appearance of
nonpalpable breast cancer reflects pathologic characteristics.
Ann Surg 235(2): 246-251, 2002.

27 Thurfjell E, Thurfjell MG and Lindgren A: Mammographic
finding as predictor of survival in 1-9 mm invasive breast
cancers. Worse prognosis for cases presenting as calcifications
alone. Breast Cancer Res Treat 67(2): 177-180, 2001.

28 Alexander MC, Yankaskas BC and Biesemier KW: Association
of stellate mammographic pattern with survival in small invasive
breast tumors. AJR Am J Roentgenol /87(1): 29-37, 2006.

29 Evans AJ, Pinder SE, James JJ, Ellis IO and Cornford E: Is
mammographic spiculation an independent, good prognostic
factor in screening-detected invasive breast cancer? AJR Am J
Roentgenol 187(5): 1377-1380, 2006.

Received February 5, 2011
Revised April 27, 2011
Accepted May 3, 2011



