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WHAT CAN WE ACTUALLY SEE USING COMPUTER

AIDED DETECTION IN MAMMOGRAPHY?
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SUMMARY - The main goal of this study was to compare the results of computer aided detection
(CAD) analysis in screening mammography with the results independently obtained by two radiolo-
gists for the same samples and to determine the sensitivity and specificity of CAD for breast lesions.
A total of 436 mammograms were analyzed with CAD. For each screening mammogram, the chang-
es in breast tissue recognized by CAD were compared to the interpretations of two radiologists. The
sensitivity and specificity of CAD for breast lesions were calculated using contingency table. The
sensitivity of CAD for all lesions was 54% and specificity 16%. CAD sensitivity for suspicious lesions
only was 86%. CAD sensitivity for microcalcifications was 100% and specificity 45%. CAD mainly
‘mistook’ glandular parenchyma, connective tissue and blood vessels for breast lesions, and blood vessel
calcifications and axillary folds for microcalcifications. In this study, we confirmed CAD as an excel-
lent tool for recognizing microcalcifications with 100% sensitivity. However, it should not be used as

)

a stand-alone tool in breast screening mammography due to the high rate of false-positive results.
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Introduction

Breast cancer is the most common cancer in wom-
en and also one of the biggest healthcare issues. Early
screening with mammography and advancements in
therapy have significantly reduced mortality rate for
breast cancer'. In the United States, the mortality rate
for breast cancer decreased by 31% in a ten-year period
(1997-2007). Similar results have been reported from
Sweden?. The sensitivity and specificity of screening
mammography have been shown to range from 78% to
99%?*. According to the European guidelines for qual-
ity assurance in breast cancer screening and diagnosis,
double reading in breast screening mammography is
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recommended, meaning that breast images are inde-
pendently reviewed by two specially trained breast ra-
diologists. The sensitivity of mammography has in-
creased by 5%-15% with the double reading practice’.

In general, computer aided detection (CAD) is de-
signed to detect abnormal breast tissue and to help
radiologists discover early signs of breast cancer®. CAD
is a computerized technique that assists radiologists
with image interpretation. Although the use of CAD
in mammography screening has been established in
many countries, the contribution of CAD to breast
screening mammography is still debatable due to a
high rate of false-positive results’. Nevertheless,
screening mammography with CAD has shown sev-
eral advantages as well. These include detection of mi-
crocalcifications on mammograms, as well as a de-
creased rate of false-negative results in mammography.

The aim of this study was to compare the results of
CAD reports in breast screening mammography with
the results independently obtained by two radiologists
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(double reading) and to calculate the sensitivity and
specificity of CAD for different types of breast lesions.
Additionally, we identified lesions that CAD detected

as false-positive.

Patients and Methods

Patients aged 50-69 years in Croatia undergo
screening mammography every two years. Screening
mammograms of 109 women were obtained from the
archives of our Department during two-month period.
The study was approved by the institutional Ethics
Committee. The study was retrospective in design.

Standard mammography images were obtained us-
ing a full flat-panel detector mammography scanner
(Mammomat Novation DR, Siemens, Erlangen, Ger-
many). Craniocaudal (CC) and mediolateral oblique
(MLO) views of the breasts were taken. The routine
screening mammograms (2 CC and 2 MLO) from
each patient were analyzed using CAD system (Car-
estream Health, Inc., New York). In total, we analyzed
436 mammography images (109 women x 2 breasts x
2 views) with CAD system following the CAD
prompts, which marks masses with asterisks and mi-
crocalcifications with triangles. Two well-experienced
breast radiologists with more than 10-year practice in
mammography, independently reviewed the same
mammogram images.

Each radiologist made his report and sorted the
findings according to the Breast Imaging Reporting
and Data System (BI RADS) category®. If the decision
on the BI RADS category was not identical after the
two reviews, the more experienced radiologist reviewed
the image again and decided on the final BI RADS
category. If a suspicious lesion was found, standard
turther analysis was performed to find out the out-
come being either a malignant or benign lesion. We
marked as benign only those lesions that were benign
and without a change during 2-year follow-up accord-
ing to the patient medical records, and malignant all
the lesions that were confirmed as malignant by core
biopsy or surgical biopsy.

The radiologists reported every change in breast
tissue according to the BI RADS classification, as fol-
lows: calcifications (benign and suspicious — clusters of
microcalcifications), architectural distortion/asymme-
try, and lesions (morphologically suspicious, indeter-
minate or benign)®. Among other findings reported by
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the two radiologists, we noted a number of axillary
lymph nodes.

We counted the number of suspicious lesions and
calcifications marked by CAD and compared them to
the values reported by the radiologists for the same
mammograms. Using a contingency table, we calcu-
lated the sensitivity and specificity of CAD for the
suspicious, non-suspicious lesions and calcifications, as
well as the positive predictive (PPV) and negative pre-
dictive values (NPV) of CAD.

Next, we excluded benign lesions and axillary
lymph nodes from the total number of lesions reported
by the radiologists to calculate the sensitivity and spec-
ificity of CAD for the lesions that were not typically
morphologically benign. Furthermore, we excluded
indeterminate lesions and architectural distortions/
asymmetry from the total number of lesions in the ra-
diologists’ reports to calculate the sensitivity and spec-
ificity of CAD for the suspicious lesions only.

When CAD reported a false-positive result, we
analyzed the images again to see if there was a connec-
tion between the CAD prompts for an image and the
observations reported by the radiologists for the same
mammogram. When no connection between the two
reports was established, we tried to identify the struc-
tures that CAD marked as suspicious.

Results

The median age of the study women was 61 (inter-
quartile range 54-64) years. In the 109 radiologists’
reports, 89 lesions and 63 calcifications were observed.
'The lesions were classified into the following catego-
ries: suspicious, indeterminate and benign lesions, ar-
chitectural distortion/asymmetry, and axillary lymph
nodes. Analyzing 436 breast screening mammograms
with CAD, 54% of all lesions reported by the radiolo-
gists were marked as suspicious (Table 1).

Ninety-five percent of the calcifications reported
by the radiologists were benign and 5% were com-
prised of clusters of microcalcifications. CAD detected
62% of the total number of calcifications and 100% of
microcalcifications reported by the radiologists (Tables
1and 2).

The sensitivity of CAD for all types of breast le-
sions (benign, indeterminate and suspicious lesions,
architectural distortions/asymmetry, and axillary
lymph nodes) reported by the radiologists was 54%
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Table 1. Number and percentage of different types of lesions and calcifications reported by CAD and double reading.
CAD walues were calculated with respect to the total number of lesions reported by the radiologist

Radiologists | CAD,n (%) %°fleS;jlgsr;zﬁgjiybycfggologm
Suspicious lesions 7 (8%) 6 (12%) 86%
Indeterminate lesions 6 (7%) 0 (0%) 0%
Benign lesions 43 (48%) 22 (45%) 51%
Architectural distortions/Asymmetry 5 (6%) 2 (4%) 40%
Axillary lymph nodes 28 (31%) 19 (39%) 68%
Total number of lesions 89 (100%) 49 (100%) 54%
Benign calcifications 60 (95%) 36 (92%) 60%
Microcalcifications 3 (5%) 3(8) 100%
Total number of calcifications 63 (100%) 39 (100%) 62%

CAD = computer aided detection

Table 2. Sensitivity, specificity, PPV and NPV of CAD for calcifications in breast tissues expressed as number
and/or percentage

D Sensitivity | Specificity PPV NPV
Radiologists CAD (CAD) (CAD) (CAD) (CAD)

Calcifications (benign and MCC) 63 (100%) 39 (62%) 62% 44% 44% 62%
MCC 3 (5%) 3(100%) | 100% 45% 6% 100%

CAD = computer aided detection; MCC = microcalcifications; PPV = positive predictive value; NPV = negative predictive value

Table 3. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of CAD
Jor different types of lesions in breast expressed as number and/or percentage

Radiologists CAD Sensitivity Specificity PPV NPV
All lesions® 89 (100%) 49 (54%) 54% 16% 23% 37%
Lesions without ALNP< 69 (100%) 29 (42%) 47% 16% 19% 43%
Lesions without benign 0 N N o o 0
masses and ALN¢ 18 (100%) 8 (44%) 44% 16% 6% 71%
Suspicious lesions 7 (100%) 6 (86%) 85% 16% 5% 96%

CAD = computer aided detection; ALN = axillary lymph nodes; “architectural distortion/asymmetry, morphologically suspicious, indeter-
minate or benign lesions, and axillary lymph nodes; Parchitectural distortion/asymmetry, morphologically suspicious, indeterminate or be-
nign lesions; “axillary lymph nodes; %architectural distortion/asymmetry, morphologically suspicious, and indeterminate lesions

Table 4. Number and percentage of cancers detected with mammaography and marked by CAD

MCC Suspicious | Indeterminate Architectural Total number
lesions lesions distortion/asymmetry of BCA
Detection of BCA 3 (20%) 7 (47%) 2 (13%) 3 (20%) 15 (100%)
on mammogram
CAD 3 (100%) 6 (86%) 0 (0%) 2 (67%) 11 (73%)

CAD = computer aided detection; MCC = microcalcifications; BCA = breast cancer
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and specificity 16% (Table 3). When benign lesions
and axillary lymph nodes were excluded from the
CAD analysis, the sensitivity of CAD for the lesions
that did not demonstrate typically benign morpho-
logical characteristics (including suspicious lesions,
indeterminate lesions, and architectural distortion/
asymmetry) was 44% and specificity remained 16%.
Finally, the sensitivity of CAD for suspicious lesions
only was 86% and specificity 16% again (Table 3).

Fifteen (71%) of 21 lesions reported by the radiolo-
gists as BI RADS 3, 4, and 5 were confirmed carcino-
mas. They were reported as microcalcifications, suspi-
cious lesions, lesions with indeterminate characteristics
and architectural distortion or asymmetry. With CAD,
73% of the breast cancer cases were detected (Table 4).

In total, CAD marked 173 suspicious lesions in
436 mammograms. One hundred and thirty-five
(78%) of those lesions were identified as some type of
breast structures (e.g., real lesions or parts of breast
anatomy). Forty-nine (36%) of those structures had
already been recognized and reported by the radiolo-
gists, and 86 (64%) structures were marked as suspi-
cious only by CAD. These structures included 55
(64%) glandular parenchyma, 9 (10%) connective tis-
sues, 7 (8%) blood vessels, 5 (6%) axillary folds, 3 (3%)
skin parts, 3 (3%) pectoral muscles, nipple in two (2%)
cases, and benign calcifications also in two (2%) cases.
Among 86 structures that were marked suspicious
only by CAD, we could not identify 38 (22%) of them.

Analyzing the structures indicated by CAD as mi-
crocalcifications, 47 false-positive reports were obtained.
Among these alleged microcalcifications, 19 (40%) were
identified including blood vessel calcifications (28%),
axillary folds (6%), benign lesions (2%), axillary lymph
nodes (2%), and Cooper’s ligaments (2%).

Discussion

The role of CAD in mammography was explored
in several studies”®. The focus of these studies was to
see how much influence CAD had on the reports
made by radiologists, and whether this practice was
time-eflicient when it comes to making definitive de-
cision in screening mammography. The authors also
compared performance of single reading with CAD to
double reading.

Single reading with CAD has demonstrated a sig-
nificantly higher breast cancer detection rate compared
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to double reading, but the recall rate for CAD readings
has also been higher’. However, the sensitivity of radi-
ologist reports has increased by 21% with the use of
CAD’. In a study performed by Samulski ez a/., the
radiologists tried to identify cancers that had not been
detected during first examinations. They increased the
sensitivity from 25% to 35% with the use of CAD. In
addition, the average time spent on one examination
was not significantly higher when using CAD system®.

A study performed by Fenton ez al. showed lower
specificity in mammography screening when using
CAD. Additionally, detection rate of breast cancers
was not improved with CAD™. Another study also
showed that screening performance was not improved
with CAD on any metric assessed. There was no differ-
ence in cancer detection rate (4.1 in 1000 women
screened with and without CAD). CAD did not im-
prove intra-radiologist performance. Sensitivity was
significantly decreased for mammograms interpreted
with ws. without CAD in a subset of radiologists who
interpreted mammograms both with and without
CAD?". On the contrary, another study suggests that
single reading with CAD can be comparable to double
reading in terms of efficiency and that the breast can-
cer detection rate is improved with CAD™. In addi-
tion, Park e a/. demonstrated that the breast cancer
detection rate was not significantly different between
symptomatic and asymptomatic groups of patients.
They also concluded that the sensitivity of CAD was
highest in fatty breasts in both groups of patients. In
most of the cases, CAD detected invasive ductal carci-
noma not otherwise specified (IDC-NOS) and ductal
carcinoma iz situ (DCIS); however, in this study, other
types of breast cancer were not detected using CAD®.
In general, CAD is not designed to detect benign le-
sions and should not be used as a stand-alone method
in mammography screening. Nevertheless, we wanted
to investigate the role of CAD as a ‘third radiologist’.
We also wanted to explore the type of lesions that are
recognized by CAD, as well as the lesions that are not
detected when using CAD.

According to our results, CAD recognized 54% of
all masses reported by the radiologists. Next, CAD
recognized 86% of suspicious masses, 51% of benign
lesions, 40% of architectural distortions/asymmetry,
and none of indeterminate masses.

Architectural distortion is “a distortion of the nor-
mal architecture with no definite mass visible”*. It is
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Fig. 1. Example

of @ mass that was not
recognized by computer
aided detection.

The figure shows a
regularly shaped mass
that has sharp margins
on one side and
indistinct boundaries
on the other side.

the third most common manifestation of breast cancer
on mammography. Malignant lesions (IDC, invasive
lobular carcinoma (ILC), DCIS) and benign lesions
(surgical scars, radial scars, complex sclerosing lesions,
fat necrosis, and intralobular fibrosis) can present as
architectural distortions. This is not the first case where
CAD was not able to make distinction between archi-
tectural distortions. In a study performed by Baker ez
al., less than half of the architectural distortions were
detected with CAD. Radiologists should be aware of
this problem when using CAD in mammography.

In another study, CAD showed 91% sensitivity for
detecting breast cancer using mammography. In addi-
tion, 100% sensitivity for microcalcifications was no-
ticed”. These results are in correspondence with our
results. In total, CAD recognized 73% of breast can-
cers and 100% of the structures marked as microcalci-
fications.

In our study, the sensitivity of CAD increased to
86% when we excluded typically benign lesions, inde-
terminate lesions, and architectural distortion or asym-
metry. This is due to the fact that CAD can only mark
a suspicious mass in general, but it cannot specifically
recognize benign lesions in a breast nor recognize in-
determinate lesions that are not completely defined.
For that type of distortions/masses, we need a well-
trained eye of a radiologist who knows how to make
distinction between these structures (Fig. 1).
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'The specificity remained the same (16%). This value
is not high, which is not surprising considering the
high rate of false-positive results with CAD. When
analyzing the additional structures that were marked
by CAD as suspicious, we noticed different breast
changes and parts of breast anatomy. In most of the
cases, CAD ‘mistook’ the lesions for glandular paren-
chyma, connective tissue and blood vessels, and micro-
calcifications for blood vessel calcifications and axillary
folds.

In conclusion, we can confirm that CAD cannot be
used as a stand-alone tool in screening mammography
and it cannot replace a third radiologist on mammog-
raphy examination. In some instances, such as detect-
ing microcalcifications, CAD can be helpful as an ad-
ditional tool, but given the high rate of false-positive
results with CAD, caution is strongly recommended
when interpreting the results.
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STO ZAPRAVO MOZEMO VIDJETT PRIMJENOM RACUNALNO POTPOMOGNUTE ANALIZE
KOD MAMOGRAFIJE?

M. Dsoi¢ Dominkovié, G. Ivanac, N. Radovi¢i M. Cavka

Svrha ovoga istrazivanja bila je usporediti rezultate ra¢unalno potpomognute analize (computer aided detection, CAD) u
probirnoj mamografiji s rezultatima analize dva neovisna radiologa te utvrditi osjetljivost i specificnost CAD-a za lezije u
dojkama. Analizirali smo 436 mamograma pomoéu CAD-a i usporedili rezultate s interpretacijom dva neovisna radiologa.
Izracunali smo osjetljivost i specificnost CAD-a za lezije u dojkama putem tablica kontingencije. Osjetljivost CAD-a za
otkrivanje svih lezija u dojkama iznosila je 54%, a specifi¢nost 16%. Osjetljivost CAD-a za sumnjive lezije bila je 86%, a za
mikrokalcifikacije 100% uz specifi¢nost od 45%. CAD je uglavnom pogresno interpretirao Zljezdani parenhim, vezivno tkivo
i krvne zile kao tvorbe u dojkama, dok je kalcifikacije u krvim Zilama i aksilarni nabor mijesao s mikrokalcifikacijama. Ovom
studijom smo potvrdili da je CAD izvrstan alat za otkrivanje mikrokalcifikacija s osjetljivos¢u od 100%. No, ipak se ne bi
trebao rabiti kao jedina metoda u probirnoj mamografiji dojki uzimajuéi u obzir koli¢inu lazno pozitivnih rezultata koja je
prili¢no visoka.

Klju¢ne rijeci: Karcinom dojke; Racunalno potpomognuta analiza slika; Mamaografija; Racunalno potpomognuta analiza

(CAD); Osjetljivost CAD; Specificnost CAD

Acta Clin Croat, Vol. 59, No. 4, 2020

581



