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Objective: To determine positive predictive value (PPV) of the breast imaging reporting and data systems
(BI-RADS) category 5 mammogram and ultrasound (US) in the diagnosis of breast cancer in the study center
and correlation between clinical, mammographic and US findings, and breast cancer.

Material and Method: Four hundred and ninety seven patients with BI-RADS category 5 who underwent
mammograms and US at the Breast diagnostic center, Ramathibodi Hospital from January, 1, 2002 to December,
31, 2004 were enrolled into the present study. Selected clinical information, mammographic and US findings,
and histopathological diagnosis were retrospectively reviewed.

Results: Breast cancer was found in 467 of 497 patients, giving a PPV of 94%. Invasive ductal carcinoma was
the most common malignancy (89.5%). Fibrocystic change was the most common benign pathology found in
the remaining patients. Discrete mass was the most frequently encountered lesion detected on mammography
and US, followed by mass containing calcifications. Patients with advanced age, having a clinically palpable
breast mass, with mammographic and US evidence of mass containing calcifications showed significant
statistical association with breast cancer.

Conclusion: PPV of BI-RADS category 5 lesions in the present study was comparable to other published
studies. Although the probability of malignancy was very high, a small number of patients had benign

pathologies. Preoperative histopathologic diagnosis is necessary before definitive treatment.
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In 1992, the American College of Radiology
(ACR) developed the breast imaging reporting and
data system (BI-RADS) to standardize mammographic
interpretation. The fourth edition of BI-RADS was
introduced in 2003 and proposed a BI-RADS system
for the Ultrasound (US)®. Details of the BI-RADS
for mammography and US are as follows; Category O:
Incomplete assessment, additional imaging evaluation
and/or prior mammograms for comparison are needed,
Category 1: Negative, annual screening mammogram is
recommended, Category 2: Benign finding(s), annual
screening mammogram is recommended, Category 3:
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Probable benign finding, initial short-interval follow-
up is suggested, Category 4: Suspicious abnormality,
biopsy should be considered, Category 5: Highly sug-
gestive of malignancy, appropriate action should be
taken, and Category 6: Known biopsy-proven malig-
nancy, appropriate action should be taken®. BI-RADS
was created to format mammaographic and US interpre-
tation among radiologists, to standardize assessment
of the findings, to communicate to the referring physi-
cians and to recommend appropriate care according to
imaging findings®®. Moreover, it has been shown to
improve the positive predictive value of breast biopsy®.

Breast lesions categorized as BI-RADS cate-
gory 5 should have a very high likelihood of malignancy,
i.e., at least a 95% chance of being malignant®. In the
period before percutaneous breast biopsy became
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widely used, lesions assigned to BI-RADS category 5
could be surgically treated as malignant lesions ©,

The purposes of the present study were to
determine Positive Predictive Value (PPV) of mammo-
grams and US categorized as BI-RADS category 5 in
the diagnosis of breast cancer in the present center,
and to determine correlation between clinical, mammo-
graphic and US findings, and breast cancer.

Material and Method

From January 1, 2002 to December 31, 2004,
42,025 women who underwent screening and diag-
nostic mammogram at the Breast Diagnostic Center,
Faculty of Medicine, Ramathibodi Hospital were
studied. Five hundred and seventeen cases were cate-
gorized as BI-RADS category 5 (1.2%). Patients who
had no histopathological records at Ramathibodi
Hospital were excluded from the present study. Four
hundred and ninety seven patients were enrolled into
the present study. Selected clinical, mammographic, US
findings and histopathological diagnosis were retro-
spectively reviewed. The size of a breast lesion was
defined as the largest dimension determined by either
mammaography or US. Type of malignancy was based
on highest histopathological grading of specimens
obtained either by percutaneous biopsy or opened
surgical biopsy.

During this period, mammography was per-
formed using two mammography machines (Lorads
M-1V; Danbury, CT, USA and Senographe DMR; GE,
Milwaukee, W1, USA). Almost all patients underwent
US (HDI 5000; Philips ultrasound, Bothell, WA, USA)
after mammography, except for those cases with almost
entirely fatty breasts. Thirteen radiologists, including
three radiologists specializing in breast imaging,
interpreted the mammograms and sonograms. Final
assessment was based on the BI-RADS classification.
BI-RADS category 5 was reserved for findings that
are strongly associated with breast cancer, for example
in mammograms, a spiculated, irregular high-density
mass, a segmental or linear arrangement of fine linear
calcifications or an irregular spiculated mass with
associated pleomorphic calcifications®. For US, mass
with spiculated margin, irregular shape, and non-parallel
orientation are highly predictive of malignancy®.

In the authors’ practice, the most worrisome
BI-RADS category either from mammography or sono-
graphy was selected as the final outcome. For example,
linear branching calcification seen on the mammogram
was categorized as BI-RADS mammogram category 5,
but if these were not visible on US, the lesion will be
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BI-RADS US category 1. The final assessment in this
case will be BI-RADS category 5, based on mammo-
graphy, which is more worrisome.

Statistical analysis

Continuous variables were summarized as
mean (standard deviation) or median (range) as appro-
priate. Categorical variables were summarized as counts
and percentages. Associations between histologic
findings of malignancy and patient or radiographic
characteristics were determined using logistic regres-
sion analysis. These associations were reported as odds
ratios and 95% Confidence Intervals (95%Cl). Statistical
significance was defined as a p-value of 0.05 or less.
All statistical analyses were performed using Stata v. 7
(Stata Corp, College Drive, Texas, USA).

Results

The mean age of the patients was 53 years
(standard deviation, 12 years), ranging from 23 to 91
years. Twenty patients (4%) had a personal history
of breast cancer. Palpable masses were noted in 432
patients (87%). The most frequent mammographic
finding was discrete breast masses, which was found
in 241 patients (49%), followed by breast masses con-
taining calcifications in 195 patients (39%). US was able
to detect a higher frequency of breast masses both
palpable and nonpalpable, which were found in 350
patients (70%). The size of each mass ranged from 0.5
to 12 cm with a median of 2.5 cm. Details of mammo-
graphic and US features of BI-RADS category 5 lesions
for these patients are displayed in Table 1. Note that
in five patients (1%), findings judged to be BI-RADS
category 5 were based solely on the US because they
were invisible on mammograms due to dense breasts.
All five were malignancies. Mean age of patients in
this group was 40 years. US detected lesions in this
group were masses with the median size of 1.9 cm, ranged
0.6-3.3cm. Almost all of them were palpable by physical
examination, except for the 0.6-cm lesion which was
nonpalpable. US was unable to identify lesions that
were initially detected by mammography as being BI-
RADS category 5 in eight patients (1.6%). Five malig-
nancies were found upon subsequent biopsies. All of
them presented as calcifications.

Of the 497 patients in the present study, 467
patients were found to have breast cancer, giving a
positive predictive value of 94%. Fig. 1A and B shows
typical mammographic and US features of BI-RADS
category 5 lesion. Invasive ductal carcinoma was the
most frequent breast malignancy, found in 418 patients
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Table 1. Mammographic and sonographic findings of lesions ~ Table 2. Type of malignancies
categorized in BI-RADS category 5 (n = 497)

Type Number of
Finding Number of patients (%)
patients (%)
Invasive ductal carcinoma 418 (89.5)

Mammographic findings Ductal carcinoma in situ 20 (4.3)

Mass 241 (48.5) Invasive lobular carcinoma 8(1.7)

Mass containing calcifications 195 (39.2) Mucinous carcinoma 6 (1.3)

Calcifications 30 (6.0) Medullary carcinoma 5(1.1)

Avrchitectural distortion 11 (2.2) Breast lymphoma 4(0.9)

Asymmetric breast density 8 (1.6) Papillary carcinoma 3(0.6)

Trabecular thickening 7(1.4) Breast sarcoma 2(0.4)

Negative mammaography 5(1.0) Mixed invasive ductal and 1(0.2)
Sonographic findings lobular carcinoma

Mass 350 (70.4)

Mass containing calcifications 128 (25.8) Total 467 (100)

Architectural distortion 4(0.8)

Complex mass 3(0.6)

Edema 3(0.6) Mammograms and US of 30 benign pathology

Calcifications 1(0.2) were retrospectively reviewed by the principle inves-

Negative US 8 (1.6) tigator. There were 10 cases that should be classified

as BI-RADS category 4 instead of category 5. Two cases
of mammographic finding were of microcalcifications
(89.5%). Details of types of malignancies are displayed  that turned out to be fibrocystic change. The remaining
in Table 2. Benign pathology was reported in 30 patients 8 cases were masses seen either on mammogram, US or
(6%). The most common benign pathology was fibro-  both modalities. Their pathologies included benign
cystic change, followed by fibroadenomas. Table 3  phyllodes tumor (2 cases), fibrocystic change (2 cases),
shows details of benign pathologic results. papilloma (2 cases), fibrosis (1 case) and atypical ductal

A B

Fig. 1 A 34-year-old female had a palpable mass in the left breast. Mammogram (Fig. 1A) demonstrates a mass with
partially ill-defined border (arrows). Example of pleomorphic and linear branching calcifications within this mass
is shown by an arrowhead. This mass appears on US (Fig. 1B) as an irregular solid mass with indistinct border
(arrows). Note calcifications within the mass (arrowhead). Pathology is invasive ductal carcinoma
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Fig. 2 A 40-year-old female developed a palpable mass in the right breast. Mammogram (Fig. 2A) demonstrates a mass
with partially ill-defined border, which is shown by US (Fig. 2B) as an inhomogeneous solid mass. Pathology is

benign phyllodes tumor

hyperplasia (1 case). The example of false positive case
is shown in Fig. 2A and B.

The inappropriate assignment of BI-RADS
classification was affected by the experience of radio-

Table 3. Benign or high-risk pathology found in lesions
categorized as BI-RADS category 5

Pathology Number of
patients (%)
Fibrocystic change 8 (26.7)
Fibroadenoma/giant fibroadenoma 5(16.7)
Sclerosing adenosis/adenosis 3(10)
Benign phyllodes tumor 3(10)
Papilloma 3(10)
Fibrosis 3(10)
Abscess/mastitis 2(6.7)
Atypical ductal hyperplasia 2(6.7)
Granuloma 1(3.3)
Total 30 (100)

logists. Among 10 false positive cases, 4 cases were
interpreted by the less experienced radiologist who
had 2-years less experience than other radiologists.

Increasing age, clinical finding of a palpable
breast mass, mammographic finding of mass containing
calcifications, and, particularly, sonographic finding
of mass containing calcifications were significantly
associated with breast cancer on univariable logistic
regression (Table 4).

Discussion

Mammographic lesions categorized as BlI-
RADS category 5 include a spiculated, irregular high-
density mass, a segmental or linear arrangement of fine
linear calcifications or an irregular spiculated mass with
associated pleomorphic calcifications®.

US is an accepted adjunctive diagnostic tool
for characterization of palpable or nonpalpable abnor-
malities of the breast, as well as a tool for further eva-
luation of clinical and mammographic findings®. US
is particularly useful in cases of dense breasts where

Table 4. Association between findings and breast cancer using univariable logistic regression (n = 497)

Findings Odds Ratio 95%ClI
Age 1.05 per year increase 1.01to0 1.09
Palpable breast mass 2.75 1.16 to 6.49
Mammographic evidence of mass containing calcifications 3.54 1.25t0 10.04
Sonographic evidence of mass containing calcifications 9.91 3.41t0 28.78
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the fibroglandular tissue can obscure the lesion. The
present study confirmed the role of US in dense
breasts that the malignant lesions were invisible on the
mammogram.

In the present study, breast mass was the most
frequently detected BI-RADS category 5 lesions seen
on both mammography and US, followed by a mass
containing calcifications. These findings correlated
with the most common malighancy found in the present
series. This was the invasive ductal carcinoma (IDC).
The most common mammographic sign of an IDC is a
mass®?, Typical IDC mass appears as having irregular
shape, ill-defined or spiculated margins, and high radio-
graphic density on mammaography. In about 40% of
cases, the mass is associated with malignant calcifica-
tions®, Malignant sonographic features include a
solid mass with spiculation or thick hyperechoic halo
or a solid mass with angular margins with or without
acoustic shadowing®?. The type of common BI-RADS
category 5 lesions in the published literature depends
on the prevalence of the type of malignancies found in
each study. In the series of Orel et al, mass is the most
common mammographic lesion corresponding to the
histopathology of IDC®. The mammographic hallmark
of ductal carcinoma in situ (DCIS) is the presence of
calcifications. In 70-80% of lesions, calcifications are
the only finding®?. Calcifications were the most fre-
quently encountered lesions reported by Tan et al and
DCIS was the most common malignancy found in their
study®.

Among the 30 patients who had purely
calcifications evident on mammography, subsequent
US detected correlated calcifications in only one
patient. Mammographic evidence of mass containing
calcifications was found in 195 patients, but only 128
were subsequently detected by US. US has lower
sensitivity for detecting calcifications compared to
mammography. It is only 80% as sensitive as mammo-
graphy for detection of calcifications within malignant
nodules. Thus, US may fail to show some calcifica-
tions that are mammaographically visible®V, However,
US has a greater ability than mammography to dif-
ferentiate solid mass from normal breast tissue®. While
mammography is far better for detecting DCIS that is
more likely to appear as microcalcifications, US is more
sensitive for detecting early invasive cancer that is
likely to be a mass®. The presented data supported
this assertion. In the present series, US could detect
70% of pathologic masses whereas mammography
was able to find such correlated masses in only 49%
of cases.
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Note that five patients in the present series
had negative mammographic findings due to dense
breasts, and the diagnosis of BI-RADS category 5 was
based on US alone. All of them were masses. On the
other hand, 8 patients had mammaographic BI-RADS
category 5 despite no detectable lesions on US. All of
them were calcifications. These results emphasize the
value of using both mammography and US to evaluate
breast lesions in order to increase the sensitivity for
detecting breast cancer. The value of US is greatest for
women with dense breasts such as Asian women®9.

PPV of the BI-RADS category 5 criteria in
diagnosing breast cancer in the present study was
94% (467 of 497 patients). This PPV is compatible with
the PPV advocated by the ACR, which proposed a
PPV of at least 95%, and that of other published
studies*241516), PPV for mammographic BI-RADS cate-
gory 5 in published studies ranged from 80-97%(241518),
In the study done by Tan et al, using both mammography
and US, a PPV of 84% was reported. The PPV of the
present study and others indicated that radiologists
are able to accurately predict the presence of breast
cancer in a highly suspicious lesion @,

Although BI-RADS category 5 lesions have
a high probability of being cancerous, pre-operative
histologic diagnosis particularly by percutaneous core
needle biopsy should be performed before definitive
surgery®. The present study found that 30 patients
(6%) presented with lesions initially categorized as Bl-
RADS category 5 but benign pathologies were later
found on subsequent biopsy. Fibrocystic change was
the most common benign pathology encountered in
the present series, followed by fibroadenoma. Similar
findings are also reported in the literature®®.However,
in the present study, the result from retrospective review
mammograms and US found that some cases were more
appropriate to be categorized in BI-RADS 4. Experience
of radiologists had an influence on the accuracy of
BI-RADS categorization.

In the present study, patients with mammo-
graphic and/or sonographic lesions, categorized as
BI-RADS category 5 who were older, presented with a
palpable breast mass, with mammographic and/or sono-
graphic evidence of mass containing calcifications
showed significant statistical association with breast
cancer.

The incidence of breast cancer increases with
advancing age. A palpable mass is the most common
physical sign of breast cancer®. The likely pathology
of a palpable breast mass depends on the age of the
patient. In women younger than 30 years, fibroadenoma
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is the most common pathology. In women older than 50
years, the pathology of a palpable breast mass is more
likely to be breast cancer®,

Invasive breast cancers are commonly asso-
ciated with microcalcifications?. Lesions appearing
as masses containing calcifications on US had the
highest probability of being breast cancers in the
present study. As stated earlier, US has lower sensitivity
than mammaography in detecting calcifications. But if
pleomorphic calcifications can be demonstrated within
the mass, malignancy should be suspected. Visualiza-
tion of calcifications on US depends on the echo-
genicity and heterogeneity of the background tissue
where the calcification is located. Benign calcifications
that occur as a result of fibrocystic change or benign
proliferative disorders tend to be surrounded by
hyperechoic tissues, and are often sonographically
invisible®9 US is able to demonstrate a higher per-
centage of malignant than benign calcifications. This
finding is explained by the fact that malignant calcifica-
tions are often surrounded by hypoechoic tumor
matrix which generates counterecho and are thus easily
seen during US examinationt12),

A major limitation of the present study was
possibly the high interrater variability in image inter-
pretation among radiologists, which was influenced
by experience.

Conclusion

The present study suggested that breast
lesions that were categorized as BI-RADS category
5 had a high probability of being malignant (94%). BI-
RADS category 5 lesions in patients with advanced
age, with clinically palpable breast mass, with mammo-
graphic, and particularly, with sonographic evidence
of mass containing calcifications had significant statis-
tical association with breast cancer. However, a small
number of patients with BI-RADS category 5 lesions
had benign pathologies on subsequent biopsies. These
findings suggest that preoperative histopathologic
diagnosis, either by percutaneous core needle biopsy
or opened surgical biopsy, is still necessary to preclude
overtreatment.
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