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Objectives: The purpose of this study was to correlate sonographic and mammographic
findings with prognostic factors in patients with node-negative invasive breast cancer.
Methods: Sonographic and mammographic findings in 710 consecutive patients (age
range 21–81 years; mean age 49 years) with 715 node-negative invasive breast cancers
were retrospectively evaluated. Pathology reports relating to tumour size, histological
grade, lymphovascular invasion (LVI), extensive intraductal component (EIC), oestrogen
receptor (ER) status and HER-2/neu status were reviewed and correlated with the
imaging findings. Statistical analysis was performed using logistic regression analysis
and intraclass correlation coefficient (ICC).
Results: On mammography, non-spiculated masses with calcifications were associated
with all poor prognostic factors: high histological grade, positive LVI, EIC, HER-2/neu
status and negative ER. Other lesions were associated with none of these poor
prognostic factors. Hyperdense masses on mammography, the presence of mixed
echogenicity, posterior enhancement, calcifications in-or-out of masses and diffusely
increased vascularity on sonography were associated with high histological grade and
negative ER. Associated calcifications on both mammograms and sonograms were
correlated with EIC and HER-2/neu overexpression. The ICC value for the disease extent
was 0.60 on mammography and 0.70 on sonography.
Conclusion: Several sonographic and mammographic features can have a prognostic
value in the subsequent treatment of patients with node-negative invasive breast
cancer. Radiologists should pay more attention to masses that are associated with
calcifications because on both mammography and sonography associated calcifications
were predictors of positive EIC and HER-2/neu overexpression.
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The three strongest prognostic factors in invasive
breast cancer are widely accepted to be lymph node
stage, histological grade and the size of histologically
invasive cancer [1–4]. Axillary lymph node stage is an
important prognostic factor in invasive breast cancer: the
prognosis progressively worsens with an increasing
number of involved nodes. Although controversial,
micrometastatic disease continues to have clinical sig-
nificance. Most series have shown that nodal micro-
metastasis appears to have a more or less adverse effect
on disease-free and overall survival [5]. The three
strongest prognostic factors in invasive breast cancer
provide more valuable information when taken into
account altogether than when any single individual
factor is used alone. The Nottingham Prognostic Index
(NPI) uses these three factors and has been externally
validated by several studies [2, 6–8]. In addition,
histological grade, tumour size and oestrogen receptor

(ER) status are usually used as significant factors in
guiding adjuvant systemic chemotherapy in node-nega-
tive patients [9].

Lymphovascular invasion (LVI) shows a clear relation-
ship with nodal status [10–13] and local recurrence
[12, 13]. LVI is also related to distant metastasis and
overall survival in node-negative breast cancer [14, 15].
Patients with breast cancers that exhibit a high propor-
tion of intraductal components have a higher risk of local
recurrence after conservative surgery [16, 17]. Hence,
accurate evaluation of intraductal spread is considered to
be a key issue in determining tumour margins before
planning breast-conserving surgery [18]. HER-2/neu
overexpression in node-negative cancers is related to
disease relapse and to disease-related death, regardless
of tumour size, histological grade and ER status [19].

In terms of treatment, most patients with node-positive
invasive breast cancers measuring greater than 2 mm are
offered adjuvant chemotherapy, with additional hormone
therapy or trastuzumab (Herceptin) based upon necessity
according to their hormone receptor and HER-2/neu
status. On the other hand, patients with node-negative
invasive cancer might not be offered adjuvant therapy,
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adjuvant hormone therapy or chemotherapy depending on
the size, LVI, histological grade, their hormone receptor
responsiveness and HER-2/neu status, and their age [20].
Therefore, in patients with node-negative breast cancers,
knowing the hormone receptor and HER-2/neu status,
histological grade and extent of LVI is very important in
guiding the treatment plan and determining the prognosis.

Several studies have looked at the correlation between
imaging findings and prognostic factors [18, 21–27]. To
our knowledge, however, no report has correlated
imaging findings in node-negative invasive breast
cancers that were analysed according to the Breast
Imaging Report and Data System (BI-RADS) lexicon
with prognostic factors. The purpose of our study was to
correlate sonographic and mammographic findings with
prognostic factors in patients with node-negative inva-
sive breast cancer and to determine whether or not the
imaging findings could have prognostic value. We also
determined the relative accuracy of mammography and
sonography in evaluating the extent of disease in
patients with node-negative invasive breast cancer.

Methods and materials

Patient selection

Institutional review board approval was obtained and
informed consent was waived. All the data were collected
and analysed retrospectively. From January 2005 to
December 2006, 2535 breast cancer surgeries were per-
formed at our institution. Of these 2535 cancers, 954 (38%)
were node-negative invasive breast cancer. We excluded
patients who had ductal carcinoma in situ with microinva-
sion (n590), who underwent excisional biopsy or mam-
motome excision at another hospital (n552), who
underwent neoadjuvant chemotherapy before surgery
(n57) or who had no available pre-operative images
(n516) because the original features of the malignant
lesions were altered after excisional biopsy, mammotome
excision or neoadjuvant chemotherapy. We also excluded
patients who underwent only mammography (n543) and
only sonography (n531). Five women had bilateral node-
negative breast cancers, which we managed as two
independent cases. Therefore, we finally included 715
cancers in 710 consecutive patients (age range 21–81 years;
mean 49 years) who underwent both mammography and
sonography. A total of 457 cancers (64%) were treated by
breast-conserving surgery, the other 258 cancers (36%) by
modified radical or simple mastectomy.

Mammography

Standard bilateral mammograms, with additional
views as necessary, were obtained using a Senographe
DMR (GE Medical Systems, Milwaukee, WI). We divided
mammographic findings into masses and non-mass
lesions. Non-mass lesions included areas of asymmetrical
density, focal asymmetry, architectural distortion and
calcification without associated mass. We classified all
of the mammographic findings, both masses and non-
mass lesions, into six categories as follows: spiculated
masses without calcifications, spiculated masses with

calcifications, non-spiculated masses without calcifica-
tions, non-spiculated masses with calcifications, calcifica-
tions alone and other lesions. We defined a spiculated
mass as a central mass with four or more marginal spi-
cules. All masses without four or more spicules were
classified as non-spiculated masses regardless of the
shape of the mass. Areas of symmetrical density, focal
asymmetry and architectural distortion were classified as
‘‘other lesions’’. When a mass was present, the mammo-
graphic findings were also evaluated according to the BI-
RADS [28] mammography lexicon, which relies on the
following tumour descriptors: shape (oval-to-round,
lobular or irregular), margin (circumscribed or obscured,
microlobulated, indistinct or spiculated), density (low
density, fat-containing radiolucent, isodense or hyper-
dense), associated calcifications (none, calcifications with-
in a mass or segmental calcifications) and size. Among the
associated calcifications, segmental calcifications were
defined as calcifications that were distributed in-or-out
of a mass. Mammograms were retrospectively reviewed
by one breast radiologist with 5 years’ experience. At
the radiological review, the radiologist was unaware of
the pathological prognostic features of the tumour. The
largest diameter of the lesion was also measured.

Sonography

One of six radiologists performed bilateral whole-breast
sonography. Sonography was performed with 5–12 MHz
transducers on an HDI-5000 or IU-22 (Philips Medical
Systems, Bothell, WA) ultrasound unit. In our institution,
we routinely perform bilateral whole-breast sonography,
rather than targeted sonography, in order to evaluate the
mammographic or clinical findings. Sonograms were also
retrospectively reviewed again by the same breast radi-
ologist who analysed the mammograms and recorded the
sonographic features. When the reviewer’s evaluation
disagreed with the evaluation made at the time of imaging,
we chose the reviewer’s later evaluation.

We also classified all sonographic findings into mass
and non-mass lesions. Non-mass lesions were defined as
calcifications without associated mass. Therefore, the
types of lesions seen on sonograms were also classified
into five categories: oval mass without calcifications, oval
mass with calcifications, irregular mass without calcifica-
tions, irregular mass with calcifications and calcifications
alone (non-mass lesions). When a mass was present, the
sonographic findings were evaluated according to the
BI-RADS [29] ultrasound lexicon using the following
tumour descriptors: shape (oval-to-round or irregular),
orientation (parallel to the skin surface or not), mar-
gin (circumscribed, microlobulated, indistinct, angular
or spiculated), echo pattern (isoechoic-to-hyperechoic,
hypoechoic, complex cystic or mixed hyperechoic–hypoe-
choic), posterior acoustic features (none, enhancement or
shadowing), surrounding tissue change (absent or pre-
sent), the presence of associated calcifications (none or
microcalcifications in-or-out of a mass), vascularity (none,
focal or penetrating flow, or diffusely increased flow) and
size. Among the descriptors of echo patterns, a mixed
hyperechoic–hypoechoic mass was defined as a lesion in
which some portions were hyperechoic to fat and some
hypo- or isoechoic to fat and without any cystic components.
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Pathology

Histopathological findings in breast-conserving surgery
or mastectomy specimens have served as the gold
standard for tumour evaluation. We reviewed the tumour
pathology reports, paying attention to the following
histological parameters: histological grade, LVI, extensive
intraductal component (EIC), ER status, HER-2/neu status
and size. The cancers were histopathologically categorised
as follows: invasive ductal carcinoma including tubular
carcinoma invasive lobular carcinoma, and a miscella-
neous group including papillary, mucinous, medullary,
metaplastic, cribriform and neuroendocrine cancers.

Tumour grade was determined using the NPI method
described by Elston and Ellis [3]. Grade 3 tumours were
considered as high grade and grade 1 or 2 as low grade.
Immunohistochemical (IHC) staining with antibodies to
HER-2/neu was used to assess HER-2/neu status, with
membrane staining being scored semi-quantitatively (1+ to
3+) depending on the intensity. HER-2/neu immunostain-
ing was considered positive only when strong (3+)
membranous staining was observed in at least 10% of the
tumour cells. LVI was assessed in the peritumoural tissue
on haematoxylin and eosin sections. It was defined as the
presence of carcinoma cells within a definite endothelium-
lined space. EIC was defined as the presence of intraductal
components extending both beyond the lesion and within
the lesion. Cases were considered positive for ER when
strong nuclear staining was observed in at least 10% of the
tumour cells tested [30]. Tumour size was measured by a
combined macroscopic and microscopic measurement of
the greatest diameter of the invasive carcinoma. The sizes
of all lesions were classified according to one of the
following categories: T1, cancer with a size less than or
equal to 1 cm; T2, cancer with a size of 1.1–2.0 cm; T3,
cancer with a size of 2.1–5.0 cm; and T4, cancer with a size
of more than 5 cm.

Statistical analysis

The mammographic and sonographic findings as well
as the pathological prognostic factors were recorded.
Univariate and multivariate statistical analyses were
performed using a statistical software system (SPSS for
Windows, 2002, version 11.0; Microsoft Institute, Chicago,
IL) to determine whether there was a correlation between
the sonographic or mammographic findings and the
pathological prognostic factors. Univariate analysis was
used to analyse the association between lesion type, as
determined by mammograms and sonograms, and prog-
nostic factors. The association between the imaging
findings, using the characters of the BI-RADS lexicon,
and prognostic factors was analysed using a multivariate
logistic regression model.

Logistic regression analysis, with backward elimination
based on likelihood ratio tests (backward LR) as necessary,
was used to evaluate the odds ratios (ORs) of the various
mammographic findings for a specific prognostic factor.
ORs and their 95% confidence intervals (CIs) were es-
timated using logistic regression. To estimate the OR, we
used the prognostic parameters as the outcome (depen-
dent) variables and the mammographic or sonographic
findings as the explanatory (independent) variables. We

chose one of the mammographic or sonographic findings
as the reference for the other findings in order to deter-
mine their ORs in predicting a specific prognostic factor.
Therefore, the OR represented the magnitude of the as-
sociation between a specific prognostic factor and a specific
mammographic or sonographic finding as compared with
the other imaging findings. The most benign characteristic
among each of the characteristics possible in each prog-
nostic factor was chosen as a reference category (Table 1).

The x2 test was used to evaluate correlation between the
imaging findings and tumour size on histopathology. The
intraclass correlation coefficient (ICC) was used to measure
the agreement between the disease extent measured by
mammography or sonography and that measured by
pathology. In other words, ICC evaluates the level of
agreement between individuals making measurements
and between the disease extent measurements taken from
mammography, sonography and the surgical pathology
specimen. The ICC represents concordance, where 1 is
perfect agreement and 0 is no agreement at all. Findings
with a p-value of less than 0.05 were considered statistically
significant.

Results

On pathology, 650 (91%) lesions were found to be
invasive ductal carcinomas, including 7 (1%) tubular
carcinomas, 20 (3%) invasive lobular carcinoma and 45
(6%) miscellaneous cancers. Of the 715 cases in total, 69%
(n5490) were histology grade 1 or 2, 30% (n5217) were
grade 3 and the remaining 1% (n58) were of unknown
histological grade. A positive EIC was found in 29% of
the 715 cases, LVI was identified in 13% (n592), 65%
(n5466) were positive for ER and 23% (n5165) were
positive for HER-2/neu.

In the statistical analysis, the prognostic factors were
used as dichotomised variables as follows: histology grade
3 tumours were considered as positive and grade 1 or 2
tumours were considered as negative; HER-2/neu immu-
nostaining was considered positive when strong (3+)
membranous staining was observed, whereas cases with
staining evaluated as 0 to 2+ were regarded as negative;
tumours with positive LVI were considered as positive
and those with negative LVI were considered as negative;
tumours with positive EIC were defined as positive and
those without as negative; and tumours with a negative ER
status were defined as positive whereas those with a
positive ER status were considered as negative.

Mammographic findings

In the univariate analysis, the associations between the
types of lesions seen on mammograms and the prognostic
factors are shown in Table 1. The association between
lesion type, as determined by mammograms and sono-
grams, and prognostic factors was significant in all models.
The predominant types of lesions on mammography were
non-spiculated masses without calcifications and non-
spiculated masses with calcifications, which accounted
for 298 (42%) and 142 (20%), respectively, of the 715 lesions.
Other mammographic types were as follows: 105 (15%)
spiculated masses without calcifications, 98 (14%) other
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lesions, 49 (6%) calcifications alone and 23 (3%) spiculated
masses with calcifications. Non-spiculated masses with
calcifications were associated with all of the poor prog-
nostic factors: high histological grade, positive LVI and
EIC, negative ER status and positive HER-2/neu. Spicu-
lated masses with calcifications fared better and were
associated with high histological grade and with positive
LVI and EIC. Calcifications alone were associated with
positive EIC, negative ER status and positive HER-2/neu.
Non-spiculated masses without calcifications were asso-
ciated with high histological grade and negative ER. Lastly,
the other lesions were not associated with any poor
prognostic factors.

For the multivariate analyses, the association between
the mammographic findings and the prognostic factors is
shown in Table 2. None of the masses showed low density
or fat-containing radiolucency. Hyperdense masses were
associated with high histological grade and negative ER
status (Figure 1a,b). Associated calcifications, including
calcifications within a mass and segmental calcifications,
were associated with positive EIC and positive HER-2/
neu. Irregularly shaped masses were associated with
positive EIC, whereas a circumscribed margin was

associated with a negative ER status. Indistinct margins
were associated with high histological grade, negative
ER status, positive EIC and positive HER-2/neu, where-
as circumscribed or microlobulated margins were asso-
ciated with high histological grade and negative ER
status. When we evaluated the association between
mammographic findings and tumour size, isodense
masses were associated with T1 cancers whereas hyper-
dense masses were associated with cancers graded T2

and above (p,0.001).

Sonographic findings

The predominant findings on sonograms were oval
masses without calcifications and irregular masses with-
out calcifications, which accounted for 280 (39%) and 260
(36%), respectively, of 715 lesions. In addition, there were
119 (17%) tumours with irregular masses with calcifica-
tions, 48 (7%) tumours with oval masses with calcifica-
tions and 8 (1%) tumours with calcifications alone. The
associations identified by univariate analysis between
the types of lesions found on sonograms and the

Table 1. Association between types of lesions on mammograms and prognostic factors

Type of lesion on mammogram and prognostic factor Numbers (%) OR 95% CI p-value

Histological grade ,0.001*

Spiculated masses without calcifications 16/105 (15) Reference NA NA
Spiculated masses with calcifications 8/23 (35) 2.97 1.08, 8.14 0.035*

Non-spiculated masses without calcifications 109/294 (37) 3.28 1.83, 5.87 ,0.001*

Non-spiculated masses with calcifications 55/140 (39) 3.60 1.92, 6.77 ,0.001*

Calcifications alone 11/49 (22) 1.61 0.68, 3.79 0.279
Other lesions 18/96 (19) 1.28 0.61, 2.69 0.508

Lymphovascular invasion 0.029*

Spiculated masses without calcifications 12/105 (11) Reference NA NA
Spiculated masses with calcifications 6/23 (26) 2.94 1.09, 8.28 0.037*

Non-spiculated masses without calcifications 24/298 (8) 1.27 0.64, 2.52 0.491
Non-spiculated masses with calcifications 42/142 (30) 3.11 1.75, 3.32 0.025*

Calcifications alone 4/49 (8) 0.69 0.21, 2.56 0.538
Other lesions 4/98 (4) 0.33 0.10, 1.06 0.063

Extensive intraductal component ,0.001*

Spiculated masses without calcifications 14/105 (13) Reference NA NA
Spiculated masses with calcifications 9/23 (39) 4.18 1.52, 11.46 0.005*

Non-spiculated masses without calcifications 57/298 (19) 1.54 0.82, 2.89 0.183
Non-spiculated masses with calcifications 66/142 (46) 5.65 2.94, 10.84 ,0.001*

Calcifications alone 36/49 (73) 18.00 7.71, 42.02 ,0.001*

Other lesions 22/98 (22) 1.88 0.90, 3.93 0.092
Negative oestrogen receptor status ,0.001*

Spiculated masses without calcifications 16/105 (15) Reference NA NA
Spiculated masses with calcifications 3/23 (13) 0.83 0.22, 3.14 0.789
Non-spiculated masses without calcifications 128/298 (43) 4.19 2.35, 7.48 ,0.001*

Non-spiculated masses with calcifications 62/142 (44) 4.31 2.30, 8.07 ,0.001*

Calcifications alone 21/49 (43) 4.17 1.92, 9.07 ,0.001*

Other lesions 19/98 (19) 1.34 0.64, 2.78 0.435
Positive HER-2/neu status ,0.001*

Spiculated masses without calcifications 13/105 (12) Reference NA NA
Spiculated masses with calcifications 4/23 (17) 1.49 0.44, 5.07 0.523
Non-spiculated masses without calcifications 57/298 (19) 1.67 0.88, 3.20 0.120
Non-spiculated masses with calcifications 55/142 (39) 4.47 2.29, 8.76 ,0.001*

Calcifications alone 24/49 (49) 6.79 3.03, 15.22 ,0.001*

Other lesions 12/98 (12) 0.99 0.43, 2.28 0.976

NA, not applicable; OR, odds ratio.
*Statistically significant parameters.
Note – Logistic regression analysis was used to determine the ORs of the mammographic types for a specific prognostic factor.

For the explanatory variables, we chose ‘‘spiculated masses without calcifications’’ as the reference for the other
mammographic types in order to determine ORs to predict a specific prognostic factor.
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prognostic factors are shown in Table 3. Oval or irregular
masses with calcifications were associated with positive
EIC and positive HER-2/neu. Calcifications alone were
associated with positive EIC. There was no significant
association between sonographic type and histological
grade, LVI or ER.

In the multivariate analysis, the associations between
sonographic findings according to the BI-RADS lexicon
and prognostic factors are shown in Table 4. Mixed
hyperechoic–hypoechoic masses were associated with
high histological grade and negative ER status,
whereas hypoechoic masses were associated only with

Table 2. Association between mammographic findings according to the BI-RADS lexicon and prognostic factors

Mammographic findings and prognostic factor Number (%) OR 95% CI p-value

Histological grade (n5562)
Margin of mass ,0.001*

Spiculated 24/128 (19) Reference NA NA
Circumscribed or obscured 22/55 (40) 3.71 1.80, 7.63 ,0.001*

Microlobulated 14/33 (42) 3.61 1.57, 8.31 0.003*

Indistinct 128/346 (37) 2.70 1.64, 4.46 ,0.001*

Density of mass ,0.001*

Isodense 57/220 (26) Reference NA NA
Hyperdense 131/342 (38) 2.02 1.37, 2.97 ,0.001*

Lymphovascular invasion (n5568)
Shape of mass 0.015*

Lobular 7/116 (6) Reference NA NA
Oval-to-round 22/142 (15) 2.86 1.17, 6.95 0.021*

Irregular 55/310 (18) 3.36 1.48, 7.61 0.004*

Extensive intraductal component (n5568)
Shape of mass 0.001*

Oval-to-round 25/142 (18) Reference NA NA
Lobular 22/116 (19) 1.19 0.62, 2.29 0.593
Irregular 99/310 (32) 2.68 1.53, 4.72 0.001*

Margin of mass 0.011*

Spiculated 23/128 (18) Reference NA NA
Circumscribed or obscured 13/55 (24) 2.39 0.99, 5.76 0.051
Microlobulated 4/55 (11) 0.93 0.28, 3.04 0.902
Indistinct 106/350 (30) 2.21 1.31, 2.87 0.003*

Density of mass 0.001*

Hyperdense 74/348 (21) Reference NA NA
Isodense 72/220 (33) 1.93 1.29, 2.87 0.001*

Associated calcification ,0.001*

None 71/405 (18) Reference NA NA
Calcifications in a mass 57/136 (42) 3.01 1.92, 4.73 ,0.001*

Segmental calcifications 18/27 (67) 7.36 3.08, 17.63 ,0.001*

Negative oestrogen receptor status (n5568)
Margin of mass ,0.001*

Spiculated 19/128 (15) Reference NA NA
Circumscribed or obscured 28/55 (51) 7.44 3.55, 15.62 ,0.001*

Microlobulated 15/35 (43) 4.71 2.04, 10.88 ,0.001*

Indistinct 14/350 (42) 4.39 2.57, 7.50 ,0.001*

Density of mass 0.002*

Isodense 68/220 (31) Reference NA NA
Hyperdense 141/348 (41) 1.83 1.25, 2.67 0.002*

Positive HER-2/neu status (n5568)
Margin of mass 0.072

Spiculated 17/128 (13) Reference NA NA
Circumscribed or obscured 9/55 (16) 1.37 0.56, 3.32 0.492
Microlobulated 7/35 (20) 1.62 0.60, 4.33 0.340
Indistinct 96/350 (27) 2.09 1.18, 3.72 0.011*

Associated calcification ,0.001*

None 69/405 (17) Reference NA NA
Calcifications in a mass 50/136 (37) 2.56 1.64, 3.99 ,0.001*

Segmental calcifications 10/27 (37) 2.52 1.09, 5.78 0.030*

NA, not applicable; OR, odds ratio; BI-RADS, Breast Imaging Report and Data System.
*Statistically significant parameters.
Note – For statistical analysis, prognostic factors were used as dichotomised variables as follows: tumours with histology grade 3

were considered as positive and cases with grades 1 and 2 as negative; HER-2/neu immunostaining was considered positive
when strong (3+) membranous staining was observed, whereas cases with 0 to 2+ were regarded as negative; tumours with
positive LVI were considered as positive and those with negative LVI as negative; tumours with positive EIC were defined as
positive and those without as negative; and tumours with negative ER status were defined as positive whereas those with
positive ER status were considered as negative.
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high histological grade. Posterior enhancement was
also associated with high histological grade and nega-
tive ER status (Figure 1c,d). Similarly, diffusely increa-
sed vascularity was associated with high histological
grade and negative ER status (Figure 1c,d). Calcifica-
tions in or out of a mass were associated with most of
the poor prognostic factors: high histological grade,
positive EIC, negative ER status and positive HER-2/
neu status (Figure 2). None of the shape, margin or
orientation characteristics was associated with the pro-
gnostic factors. As regards LVI, there was no associa-
tion between sonographic findings and prognostic
factors. When we evaluated the association between

sonographic findings and tumour size, no posterior
feature was associated with T1 or T2 cancer, whereas
posterior enhancement was associated with T3 or T4
cancers (p,0.001). T1 cancers were associated with no
increased vascularity, whereas cancers sized T2 or
more were associated with focal or penetrating blood
flow on Doppler study (p,0.001).

Evaluation of the extent of disease

When we evaluated the extent of disease, we divided
the results into three categories as follows: all tumours,

(a) (b)

(c) (d)

Figure 1. A 70-year-old woman with a palpable lump in the right breast. (a,b) Mammograms show an oval-shaped hyperdense
mass with mostly circumscribed and partially obscured margins in the right breast. There are no calcifications associated with the
mass. (c,d) Sonograms show an oval-shaped, complex cystic mass (arrows indicate the cystic portions in the solid mass) with
mostly circumscribed margin and posterior enhancement in the right breast. This mass showed no associated calcifications and
diffusely increased vascularity on power Doppler study. Surgery confirmed an invasive ductal carcinoma with high histological
grade and negative oestrogen receptor status, lymphovascular invasion, extensive intraductal component and HER-2/neu status.
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tumours with LVI or EIC and tumours without LVI and
EIC. There were 270 tumours (38%) with LVI or EIC and
445 tumours (62%) without LVI and EIC. The ICC value
for disease extent was 0.60 on mammography and 0.70
on sonography. For the 270 tumours with LVI or EIC, the
ICC value was 0.55 on mammography and 0.59 on
sonography, whereas for the 445 lesions without LVI and
EIC, the ICC value was 0.64 on mammography and 0.81
on sonography. Of the 715 tumours, 258 (36%) were
treated by mastectomy. We also divided these 258
tumours into three categories as before. There were 135
tumours (52%) with LVI or EIC, leaving 123 cases (48%)
without either. For all 258 tumours, the ICC value was
0.53 on mammography and 0.61 on sonography. For 135
cases with LVI or EIC, the ICC value was 0.48 on
mammography and 0.53 on sonography, whereas for 123
cases without LVI and EIC, the ICC value was 0.58 on
mammography and 0.78 on sonography. Cases without
LVI and EIC showed stronger correlation with pathology
than those with LVI or EIC. The difference between ICC
values for cases with LVI or EIC and without LVI and
EIC was significant on sonography (p,0.001) but not
significant on mammography (p50.269). In all three
categories, sonography provided stronger correlation
with pathology than mammography when evaluating
the extent of disease.

Discussion

Several previous studies [22, 25] showed that a spi-
culated mass without calcifications was the most com-
mon mammographic feature indicating malignancy.
Evans et al [27] demonstrated that mammographic
spiculation was an independent, good prognostic
factor for screening-detected invasive breast cancer
(Figure 3). In our study, we found that non-spiculated
masses without calcifications were the most common
mammographic finding for node-negative invasive
breast cancer (42%), whereas spiculated masses with
(n523) or without calcifications (n5105) made up only
18% of lesions (128 of 715). We believe that this
difference resulted from the fact that one study [22]

included all invasive and non-invasive cancers and the
other study [25] included only small invasive breast
cancers of less than 15 mm in size, regardless of the
lymph node status. By contrast, our study included
consecutive patients with node-negative invasive
breast cancer of any size.

In our study, we assessed the roles of the mammo-
graphic and sonographic features of breast cancer as
predictors of prognosis among women with node-
negative invasive breast cancers. To our knowledge,
there have been several studies on the association
between mammographic features and the prognostic or
pathological characteristics of breast cancer [22–25, 27],
but only two studies have been published on the
association between sonographic features and the histo-
logical grade of invasive breast cancer [21, 26]. As far as
we know, no report has been published on the associa-
tion between the mammographic and sonographic
features analysed according to the BI-RADS lexicon
and the pathological characteristics of node-negative
invasive breast cancer.

We found that certain mammographic and sono-
graphic features can serve as predictors of both prog-
nosis and pathological characteristics for the subsequent
treatment of patients with node-negative invasive breast
cancer. The results of our study should be interpreted
in the context of whether or not a radiologist can
offer pre-operative prognostic predictions when he or
she encounters mammographically or sonographically
detected malignancies.

When we evaluated the association between the types
of lesions and the pathological characteristics, we found
that both non-spiculated masses with or without
calcifications and spiculated masses with calcifications
were associated with a high histological grade.

With regard to the analysis of the imaging findings
according to the BI-RADS lexicon, hyperdense masses
with non-spiculated margins (e.g. circumscribed, obscured,
microlobulated or indistinct margins) on mammography
and findings of hypoechoic or mixed hyper-hypoechogeni-
city, posterior enhancement, calcifications in-or-out of a
mass, and diffusely increased vascularity on sonogra-
phy were also associated with a high histological grade.

Table 3. Association between types of lesions on sonograms and prognostic factors

Type of lesion on sonogram and prognostic factor Number (%) OR 95% CI p-value

Extensive intraductal component ,0.001*

Oval masses without calcifications 49/280 (18) Reference NA
Oval masses with calcifications 23/48 (48) 4.34 2.28, 8.26 ,0.001*

Irregular masses without calcifications 59/260 (23) 1.38 0.91, 2.11 0.133
Irregular masses with calcifications 66/119 (55) 5.87 3.65, 9.44 ,0.001*

Calcifications alone 7/8 (88) 33.00 3.97, 274.34 0.001*

Positive HER-2/neu status ,0.001*

Oval masses without calcifications 45/280 (16) Reference NA
Oval masses with calcifications 22/48 (46) 4.42 2.30, 8.48 ,0.001*

Irregular masses without calcifications 50/260 (19) 1.24 0.80, 1.94 0.336
Irregular masses with calcifications 46/119 (39) 3.29 2.02, 5.36 ,0.001*

Calcifications alone 2/8 (25) 1.74 0.34, 8.90 0.506

NA, not applicable; OR, odds ratio.
*These were considered to be statistically significant parameters.
Note – Logistic regression analysis was used to evaluate the ORs of the sonographic types for a specific prognostic factor. For the

explanatory variables, we have chosen ‘‘oval masses without calcifications’’ as the reference for the other sonographic types in
order to determine ORs that predict a specific prognostic factor.
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Several previous studies showed that findings of other
lesions with calcifications, comedo calcifications or ill-
defined masses were associated with a high histological
grade [22, 27]. Lamb et al [21] and Rotstein and Neerhut
[26] demonstrated that high-grade invasive ductal carci-
nomas might paradoxically display features similar to
those of benign breast masses, such as posterior enhance-
ment and a well-defined margin. Our results were con-
sistent with the results of these studies. Oken et al [31]
demonstrated that invasive ductal carcinoma with a
fibrotic focus, which was associated with a significantly
worse prognosis than invasive ductal carcinoma without a
fibrotic focus, showed focal increased echogenicity within
the hypoechoic lesion, i.e. mixed hyper-hypoechogenicity.
In our study, mixed hyper-hypoechoic masses were as-
sociated with a high histological grade.

In their study of 2760 patients with node-negative
invasive breast cancer, Lee et al [11] concluded that LVI
was an independent prognostic factor in node-negative
breast cancer and should be considered when making
decisions regarding adjuvant treatment in this group of
patients. Gajdos et al [23] carried out a study of 543 non-
palpable breast cancers, and demonstrated that lymphatic
invasion was more common in cancers presenting as a
mass with calcifications. In our study, mammographic
types that were significantly associated with LVI were
spiculated or non-spiculated masses with calcifications.

If conservative surgery is performed, intraductal spread
can lead to a high risk of local recurrence [17]. There-
fore, accurate evaluation of the extent of the intraduc-
tal spread is essential in making decisions regarding
conservative therapy. According to previous studies

Table 4. Association between sonographic findings according to the BI-RADS lexicon and prognostic factors

Sonographic findings and prognostic factor Number (%) Odds ratio 95% CI p-value

Histological grade (n 5 699)
Echogenicity 0.004{

Iso-to-hyperechoic 14/91 (15) Reference NA
Hypoechoic 116/347 (33) 3.16 1.63, 6.11 0.001{

Complex cystic 14/35 (40) 1.51 0.59, 3.89 0.391
Mixed hyper-hypoechogenicity 72/226 (32) 2.58 1.31, 5.06 0.006{

Posterior feature ,0.001{

Posterior shadowing 21/106 (20) Reference NA
Posterior enhancement 111/215 (52) 3.64 1.99, 6.63 ,0.001{

None 84/378 (22) 1.04 0.60, 1.83 0.879
Associated calcification 0.035{

None 156/530 (29) Reference NA
Calcifications in-or-out of a mass 60/169 (36) 1.54 1.03, 2.30 0.035{

Vascularity 0.010{

None 81/308 (26) Reference NA
Focal or penetrating 113/357 (32) 1.12 0.78, 1.61 0.552
Diffusely increased 21/34 (62) 3.37 1.53, 7.45 0.003{

Extensive intraductal component (n 5 707)
Posterior feature ,0.001{

Posterior shadowing 27/107 (25) Reference NA
Posterior enhancement 33/220 (15) 0.44 0.22, 0.86 0.016{

None 137/380 (36) 1.38 0.80, 2.38 0.242
Associated calcification ,0.001{

None 108/537 (20) Reference NA
Calcifications in-or-out of a mass 90/170 (53) 3.72 2.50, 5.53 ,0.001{

Negative oestrogen receptor status (n 5 707)
Echogenicity 0.006{

Iso-to-hyperechoic 23/92 (25) Reference NA
Hypoechoic 111/350 (32) 1.37 0.77, 2.44 0.286
Complex cystic 14/35 (40) 0.70 0.29, 1.73 0.443
Mixed hyper-hypoechogenicity 99/230 (43) 2.13 1.19, 3.84 0.012{

Posterior feature ,0.001{

Posterior shadowing 24/107 (22) Reference NA
Posterior enhancement 123/220 (56) 3.85 2.14, 6.93 ,0.001{

None 100/380 (26) 1.01 0.59, 1.72 0.985
Associated calcification 0.002{

None 173/537 (32) Reference NA
Calcifications in-or-out of a mass 74/170 (44) 1.86 1.26, 2.74 0.002{

Vascularity ,0.001{

None 89/313 (28) Reference NA
Focal or penetrating 131/360 (36) 1.30 0.91, 1.84 0.147
Diffusely increased 26/34 (76) 6.07 2.54, 14.53 ,0.001{

Positive HER-2/neu status (n 5 707)
Associated calcification ,0.001{

None 95/537 (18) Reference NA
Calcifications in-or-out of a mass 68/170 (40) 2.97 2.02, 4.35 ,0.001{

NA, Not applicable
{Statistically significant parameters
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[18, 32, 33], the sensitivity of MRI and sonography for the
diagnosis of intraductal spread was high, although
sonography had a tendency to underestimate intraductal
spread when compared with MRI [18]. In our study, the
presence of either calcifications alone or masses associated
with calcifications on either mammography and sonogra-
phy were significantly associated with positive EIC. In
addition, findings of irregular shape, an indistinct margin,
calcifications within a mass or segmental calcifications on
mammography, and the presence of posterior shadowing
and calcifications in or out of a mass on sonography were
associated with a positive EIC. Specifically, associated
calcifications on both mammography and sonography
were the most important finding in detecting an EIC.

Gajdos et al [23] showed that no specific mammogra-
phic finding was significantly related to ER or proges-
terone receptor (PR) status. However, we found that

mammographic findings of lesions with non-spiculated
margins (e.g. circumscribed, obscured, microlobulated or
indistinct margins) or hyperdense masses and sonogra-
phic findings of mixed hyper/hypoechogenicity, poster-
ior enhancement, calcifications in or out of a mass and
diffusely increased vascularity were associated with
negative ER status. These findings overlapped with those
predicting a high histological grade. ER and PR status
served both as markers of endocrine responsiveness and as
harbingers of increased recurrence risk. ER-positive br-
east tumours have been shown to provide patients with
both longer disease-free survival and overall survival.
Oestrogen antagonism treatments, such as selective ER
modulators (SERMs) including tamoxifen or antioestro-
gens, may be effective in the treatment of ER-positive breast
cancers. If the tumours are ER and PR negative, hormonal
therapy such as SERMs may have less efficacy.

(b)(a)

(c)

Figure 2. A 45-year-old woman in whom screening at a local clinic had detected a mammographic abnormality in the left breast.
(a,b) Mammograms show an irregularly shaped isodense mass with indistinct margin (circle), which is associated with segmentally
distributed calcifications (arrows) in the upper outer quadrant of the left breast. (c) The sonogram shows an irregularly shaped
hypoechoic mass with an indistinct margin in the left breast, which is associated with calcifications in or out of a mass. Surgery
confirmed an invasive ductal carcinoma with high histological grade and positive lymphovascular invasion and extensive
introductal component. This mass was also associated with negative oestrogen receptor status and positive HER-2/neu status.
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Gajdos et al [23] also indicated that calcifications were
associated with greater HER-2/neu immunoreactivity,
and our study agreed with this result. In other words,
the presence of calcifications in a mass or segmental
calcifications on mammography, and of calcifications in-
or-out of a mass on sonography, was significantly
associated with positive HER-2/neu status. This result
might suggest that when HER-2/neu staining is 1+ to 2+,
associated calcifications on both sonography and mam-
mography may predict HER-2/neu overexpression.
HER-2/neu overexpression may be an independent
prognostic variable for the risk for relapse and patient
survival. The presence of HER-2/neu overexpression is

a predictive factor that may indicate success with the use
of trastuzumab (Herceptin) [19].

In our study, sonography provided better correlation
with pathology measured in terms of disease extent than
mammography, especially in tumours without LVI and
EIC. In their prospective study of 40 patients with known
breast cancer, Berg and Gilbreath [34] demonstrated that
whole-breast sonography would be a useful complement
to mammography in the pre-operative evaluation of
patients with breast cancer, providing a more accurate
assessment of disease extent, which is particularly
important when breast conservation is contemplated. In
tumours with LVI or EIC, however, both mammography

(a) (b)

(c) (d)

Figure 3. Mammogram of a 64-year-old woman with a palpable lump in the left breast. (a,b) Mammograms show an irregularly
shaped hyperdense mass with a spiculated margin in the left breast, which was not associated with calcifications. (c,d)
Sonograms show an irregularly shaped hypoechoic mass (arrows) with an indistinct margin and posterior shadowing. The
Doppler study shows a penetrating blood flow (arrowhead) in the periphery of this mass. Surgery confirmed an invasive ductal
carcinoma with low histological grade and negative lymphovascular invasion and extensive introductal component. This mass
was also associated with positive oestrogen receptor status and negative HER-2/neu status.
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and sonography findings showed worse correlation with
pathology than in tumours without LVI and EIC. Our
result might suggest that associated calcifications, if
found in association with masses on both mammography
and sonography, may be predictive of positive EIC.
Therefore, tumours suspected of having LVI or EIC
should be given careful attention, and further evaluation
with other modalities such as MRI might be helpful in
evaluating the accurate extent of disease.

Our study had several limitations. First, the mammo-
grams and sonograms were reviewed by a single
radiologist retrospectively. Reproducibility was not
addressed, and moreover the reviewer was not blinded
to the mammographic results when analysing the
sonograms. However, the reviewer was at least blinded
to the pathology results. Second, we did not evaluate the
difference between the screening-detected and sympto-
matic patient groups. We were interested solely in node-
negative invasive breast cancer, regardless of the
symptoms. Third, there was a limitation to the accurate
evaluation of disease extent in tumours that underwent
breast-conserving surgery — 457 (64%) of the total of 715
tumours. In these tumours, the real state of disease
extent might not be addressed because all of the disease
has not been detected. Furthermore, the disease extents
for most tumours were not determined by breast MRI.
For the 258 (36%) tumours that were treated by
mastectomy and thus were considered to have under-
gone a thorough excision, however, sonography findings
showed better correlation with pathology than mammo-
graphy findings. Fourth, we considered only 3+ staining
on IHC as positive for HER-2/neu because we did not
perform fluorescence in situ hybridization (FISH) in all
cases. Recently, many laboratories have undertaken to
perform FISH assays because only 10–15% of 2+ tumours
and less than 5% of 1+ tumours have gene amplification
[35]. Therefore, 10–15% of 2+ tumours with gene
amplification might be missed in our study, although
3+ staining is generally accepted as true overexpression
for clinical purposes. Thus, in designing a retrospective
study, we decided to set the criteria for positive for HER-
2/neu as 3+ staining on IHC. Fifth, the statistical analysis
had limitations. There was potential for sample bias
because we included only patients who underwent both
mammography and sonography. There were small
numbers of tumours in some categories, which may
have reduced the power of the statistical analysis. We
used univariate analysis to assess the association
between types of lesion on mammogram and sonogram
and prognostic factors, and therefore there was no
adjustment for other covariates (Tables 1 and 3).
However, multivariate analysis was also used to study
the association between the imaging features of masses
described according to the BI-RADS lexicon and prog-
nostic factors (Tables 2 and 4). Last, we used prognostic
factors as a surrogate for outcomes. In addition, causality
could not be inferred because our study was an
observational study.

Conclusion

Certain sonographic and mammographic features are
considered to have prognostic value in the subsequent

treatment of patients with node-negative invasive breast
cancer. Specifically, we suggest that radiologists should
pay attention to masses that are associated with
calcifications because associated calcifications on both
mammography and sonography were predictors of
positive EIC and HER-2/neu overexpression. Our results
showed that for tumours with LVI or EIC, both
mammographic and sonographic features showed worse
correlation with pathology than those in tumours with-
out LVI and EIC. Therefore, tumours suspected of
having LVI or EIC, which were associated with calcifica-
tions, should be given more careful attention, and further
evaluation with another modality such as MRI might be
helpful in evaluating the accurate extent of disease.
Further studies should be designed and performed to
confirm this conclusion, eliminating the limitations of the
present study.
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