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Computer-aided Detection in
Screening Mammography:
Variability in Cues1

PURPOSE: To evaluate the variability of true-positive and false-positive cues by
using a commercially available computer-aided detection (CAD) system for analysis
of 50 malignancies in a screening population.

MATERIALS AND METHODS: Fifty breast cancers detected at screening were
analyzed by using a commercially available CAD system. Mean patient age was 62.2
years. Each set of mammograms (craniocaudal and mediolateral oblique views) was
digitized and analyzed by the CAD system 10 times. One radiologist compared CAD
output with the location of the malignancy at mammography and determined
whether each lesion was marked accurately in one mammographic view, both
views, or neither. Sensitivity and reproducibility of the CAD system were determined
for both case- and image-based analysis.

RESULTS: Overall sensitivity of the CAD system when at least one of the two
mammographic views was marked correctly (case-base sensitivity) was 82.4%.
Sensitivity when each mammographic view was considered separately (image-
based sensitivity) was 61.1%. For case-based analysis, variability in true-positive CAD
cues was demonstrated for 14 of 50 (28%) cases. For image-based analysis, incon-
sistency in CAD output was observed in 33 of 100 (33%) mammographic views that
contained malignancies detected at screening. However, the CAD system consis-
tently detected 40–43 of the 50 breast cancers in each of the 10 CAD runs.
Variability for false-positive marks was significantly greater than that for true-positive
marks.

CONCLUSION: Inconsistency was demonstrated for CAD analysis of breast cancers
detected at screening. However, the CAD system was reasonably consistent in the
overall number of cancers identified from run to run. Greater variability of the CAD
system was also demonstrated for false-positive marks, as compared with true-
positive marks.
© RSNA, 2004

Interpretation of mammograms is a difficult task that results in a wide variation in ability,
even between expert breast imagers (1–3). Because of the subtle appearance of some breast
cancers, combined with the speed at which a large number of screening images must be
interpreted, the false-negative rate for screening mammography has been reported to be
approximately 20% (4,5). Computer-aided detection (CAD) systems have proved useful in
reducing the frequency of “missed” breast cancers and improving the sensitivity of screen-
ing mammography (4,6–8). A retrospective study by Warren Burhenne et al (4) indicates
that commercially available CAD systems can be used to successfully identify 77% of
overlooked breast malignancies, while a prospective study by Freer and Ulissey (6) dem-
onstrates that routine use of one CAD system may increase the number of cancers detected
at screening mammography by up to 20%.

Because CAD systems use computer algorithms, they are presumed to offer extremely
high or virtually perfect reproducibility in their analysis of mammograms (9). Indeed, this
reputed reproducibility has been publicized as one of the many benefits of double-reading
with a CAD system (9,10). However, a prior study performed in 2000 (11) demonstrated
surprising variability in the output of one CAD system. The authors concluded at that time
that such systems were insufficiently reproducible for routine clinical use. A recent study
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(12) also demonstrated inconsistency in
a more contemporary version of the same
CAD system.

In contrast to the two published stud-
ies on CAD system reproducibility
(11,12), two manufacturers’ unpublished
studies reported on a marketing Web site
(www.r2tech.com/prf/prf001.html#3) and a
Food and Drug Administration device
labeling submission (iCAD device label-
ing, 2003) report excellent or near-per-
fect reproducibility. An important limit-
ing characteristic in all of these prior
reports is the patient population studied.
In several of the studies in which the
patient population can be determined,
the study population likely includes
symptomatic lesions rather than lesions
in a typical screening population.

Further, in three of the four studies,
each set of mammographic images was
digitized and analyzed only three times,
which may result in overestimation of
the consistency of the CAD system. Thus,
the purpose of our study was to evaluate
the variability of true-positive and false-
positive cues by using a commercially
available CAD system for analysis of 50
malignancies in a screening population.

MATERIALS AND METHODS

Study Population

Institutional review board approval
was obtained for this study. Informed
consent was not required for this review.

Between November 1, 2001, and Janu-
ary 31, 2003, 67 biopsy-proved breast
malignancies were detected in 12,789
screening mammographic examinations
performed at our institution. As in prior
similar studies, to simplify statistical
analysis, multifocal and multicentric
cases were excluded (11). The first 25
consecutive malignant masses and the
first 25 consecutive malignant calcifica-
tion clusters were used to constitute a
study population of 50 breast cancers de-
tected at screening. All mammograms
were obtained by using standard screen-
film technique with one of eight mam-
mography systems qualified according to
the Mammography Quality Standards
Act (four Mammomat 3000 Nova sys-
tems, Siemens, Erlangen, Germany; two
Mammomat 3000 systems, Siemens; one
Senographe DMR� system, GE Medical
Systems, Milwaukee, Wis; and one MIII
system, Lorad, Danbury, Conn).

Patients ranged in age from 40 to 90
years (mean, 62.2 years). Of the 50 ma-
lignancies, 17 (34%) represented ductal
carcinoma in situ, 13 (26%) represented

invasive ductal carcinoma, and 18 (36%)
represented invasive ductal carcinoma
and ductal carcinoma in situ. Two of the
50 cases (4%) represented invasive lobu-
lar carcinoma. Each malignancy was vis-
ible in both the craniocaudal and medio-
lateral views.

Study Design

Each craniocaudal and mediolateral
oblique image in the 50 screening cases
was digitized and analyzed 10 times by
using the hardware and software pro-
vided with a commercially available CAD
system (ImageChecker M1000, version
3.2; R2 Technology, Sunnyvale, Calif).
The CAD system is designed to assist ra-
diologists in the detection of breast can-
cer by identifying groups of bright specks
that are suggestive of calcification clus-
ters and by identifying densities with or
without radiating lines that are sugges-
tive of breast masses or foci of architec-
tural distortion (8).

The output of the CAD algorithm was
displayed on an 18-inch flat-panel dis-
play as a low-resolution mammographic
image with small triangles placed to
mark locations of possible calcification
clusters and small asterisks placed to
mark locations of possible breast masses.
The CAD system used for this study had
been in service for 4 months, and all
quality-control tests recommended by
the manufacturer were performed daily
and weekly, as appropriate.

The output of the CAD system was re-
viewed by one dedicated breast radiolo-
gist (J.A.B.), who was qualified according
to the Mammography Quality Standards
Act and had 6 years of mammography
experience. This radiologist traced the
outline of the low-resolution image of
each breast on an overlay, and the loca-
tion of each CAD mark was recorded on
the overlay. CAD marks for possible
masses—displayed by the CAD system as
asterisks—were differentiated on the
overlay from triangle marks, which indi-
cated potential clusters of calcifications.

The radiologist used all available mam-
mographic views—including additional
or special views—to determine the out-
line of the actual breast cancer (ie, mar-
gins of a mass or extent of calcifications)
on each screening image. The radiologist
then determined whether each CAD
mark indicated the location of the malig-
nancy. While there is no absolute rule to
determine whether a CAD mark is suffi-
ciently close to a lesion to represent a
true-positive mark, previously published

guidelines were used to determine true-
positive and false-positive marks (13).

A CAD mark was labeled as true-posi-
tive if the mark was within the boundary
that outlined the mass margin or within
the extent of the calcifications. All CAD
marks that did not mark the known ma-
lignancy were defined as false-positive
marks for the purposes of this study.

The radiologist recorded whether each
malignancy was marked correctly in the
craniocaudal view, medolateral oblique
view, both views, or neither view for each
of the 10 CAD runs for all 50 cases. There-
fore, a total of 500 CAD runs constituting
1000 mammographic images with a visi-
ble breast cancer in 50 screening cases
were evaluated for this study. The review-
ing radiologist recorded how many times
and in which views each true-positive
and each false-positive location was
marked for the 10 CAD runs in each case.
By using this system, the number and
location of each true-positive and each
false-positive mark were determined
for the craniocaudal and medolateral
oblique views for each of the 10 runs for
the 50 cases.

Statistical Analysis

All statistical analysis was performed
by using statistical software (SAS, version
8.2; SAS, Cary, NC). For the purpose of
this study, each digitization and CAD
analysis of the craniocaudal and medola-
teral oblique views of a single case were
termed as one CAD run. Therefore, for
this study, 10 CAD runs were performed
in each of 50 cases, resulting in a total of
500 CAD analyses performed.

The sensitivity and reproducibility of
the CAD system were determined for all
50 cases and were also calculated sepa-
rately for malignant masses and malig-
nant calcification clusters. In addition,
sensitivity and reproducibility were cal-
culated for these three populations by
using case-based and image-based analy-
sis. For case-based analysis, a successful
mark of the cancer in either the cranio-
caudal or mediolateral oblique view was
considered a true-positive identification
of the cancer for that case. For image-
based analysis, the craniocaudal and me-
diolateral oblique views were considered
separately, resulting in two CAD analyses
considered separately for each malignant
case. CAD analysis could be true-positive
in one view, both views, or neither view
for image-based analysis.

The mean number of false-positive
marks per image was calculated for all 50
cases. False-positive marks were defined
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as marks that the radiologist determined
did not require further imaging or biopsy
evaluation on the basis of the imaging
characteristics. Reproducibility of false-
positive marks was determined by using
image-based analysis. The craniocaudal
and mediolateral oblique views were con-
sidered separately (ie, image-based anal-
ysis) because false-positive marks cannot
always be correlated between the two
views. Reproducibility of false-positive
marks was compared with the reproduc-
ibility of the true-positive marks by using
image-based analysis.

Comparison of variance measures of
the false-positive and true-positive marks
in the craniocaudal and mediolateral
oblique views was performed by using
the Wilcoxon signed rank test. Compar-
ison of sensitivities of the mediolateral
oblique and craniocaudal views was also
performed by using the Wilcoxon signed
rank test. Comparison of sensitivity of
the CAD system for detection of malig-
nant microcalcification clusters and ma-
lignant masses was performed by using
the Wilcoxon rank sum test. Only loca-
tions actually marked as false-positive in
at least one view were considered for this
comparison. Significance level was de-
fined as P � .05.

RESULTS

Sensitivity of CAD Output

The overall case-based sensitivity (ie,
true-positive finding defined as a lesion
detected in either craniocaudal or medio-

lateral oblique view) for the 500 total case
runs (50 cases, 10 CAD runs each) was
82.4% (412 correctly marked in 500 total
case runs). The image-based sensitivity in
which the craniocaudal and medolateral
oblique views were considered separately
was 61.1% (611 correctly marked images
in 1000 total CAD runs).

Sensitivity for the craniocaudal view
was compared with sensitivity for the
mediolateral oblique view by using the
Wilcoxon signed rank test. The sensitiv-
ity of all lesions in the 50 craniocaudal
views analyzed was 62.0% � 6.2 (stan-
dard error), which was not significantly
different than the 60.2% � 6.1 sensitivity
of the same 50 lesions analyzed with the
mediolateral oblique view (P � .10).

Sensitivity was also evaluated sepa-
rately for masses and clusters of calcifica-
tions. No cases of masses with associated
calcifications were included in this study.
The case-based sensitivity for malig-
nant masses detected at screening was
78.4% � 7.0 (392 of 500 runs), and the
case-based sensitivity for screening-
detected malignant calcifications was
86.4% � 5.9 (432 of 500 runs) over all
10 CAD runs.

With the Wilcoxon rank sum test, the
sensitivities for detection of masses and
calcifications were not significantly dif-
ferent (P � .10). The image-based sensi-
tivity was 52.2% � 6.0 (261 of 500 im-
ages) for screening-detected malignant
masses and 70.0% � 6.6 (350 of 500 im-
ages) for malignant calcification clusters.
With the Wilcoxon rank sum test, the

image-based sensitivity for malignant
calcifications was significantly better
than that for masses (P � .04).

Variability of CAD Output

While the case-based sensitivity was
82.4% � 4.6 (412 of 500) for the com-
bined 10 CAD runs in all 50 cases, the
range in sensitivity for the 10 separate
CAD analyses of the 50 cases was 80%–
86%. That is, in 50 malignancies detected
at screening, the CAD system detected
40–43 cancers in at least one routine
mammographic view for each of the 10
runs (Table 1). Because there were differ-
ences in which cancers were identified in
each of the 10 CAD runs, a total of 46 of
the 50 cancers (92%) were identified on
at least one of the 10 runs.

The clinical effect of variability in CAD
analysis is demonstrated in a histogram
that details the number of times each
cancer was detected in the 10 CAD runs
by using case-based determination of
true-positive cases (Fig 1). The far right col-
umn of this histogram graphically demon-
strates that 32 of the 50 cancers (64%) were
detected in at least one mammographic
view in all 10 CAD runs. The far left col-
umn indicates that four of the 50 malig-
nancies (8%)—two masses and two groups
of calcifications—were not detected in ei-
ther view in any of the CAD runs.

In contrast, the remaining columns
combined demonstrate that the cancer in
14 of the 50 cases (28%) was detected in
at least one mammographic view be-
tween one and nine times out of the 10
CAD runs (Figs 2, 3). Ten of the 14 cases
that demonstrated variability in CAD de-
tection were masses, and four were ma-
lignant calcifications.

TABLE 1
Breast Cancers Detected in Each of
10 CAD Runs for 50 Malignancies
Detected at Screening

CAD Run No. of True-Positive Cases

1 42 (84)
2 41 (82)
3 41 (82)
4 41 (82)
5 42 (84)
6 43 (86)
7 41 (82)
8 41 (82)
9 40 (80)

10 40 (80)

Note.—Numbers in parentheses are percent-
ages. All lesions were visible in both cranio-
caudal and mediolateral oblique mammo-
graphic views.

Figure 1. Histogram depicts the number of true-positive
analyses out of 10 CAD runs for 50 breast cancers detected at
screening by using case-based evaluation (ie, true-positive
CAD cue in either mammographic view qualifies as true-pos-
itive for the case). Fourteen cases were marked between one
and nine times but not all 10 times. Therefore, histogram
illustrates that the CAD system provided inconsistent results
for 14 of 50 (28%) malignancies in the present study.
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The image-based sensitivity was some-
what more variable. Image-based sensi-
tivity for all 10 CAD runs combined was
61.1% (611 of 1000 images), but the sen-
sitivity for the 10 separate CAD analyses
for 100 mammographic views (ie, 50
cases with two routine views considered
separately) ranged from 57% to 67%.
That is, 57 to 67 cancers were detected in
each of the 10 CAD runs for the 100
mammographic views (Table 2). Again,
because of variability in which cancers
were identified in each of the CAD runs,
a total of 74 cancers were identified in at
least one CAD run in the 100 mammo-
graphic views (74%).

Variability in the use of image-based
analysis is best demonstrated in a histo-
gram that illustrates the number of can-
cers identified in each of the 100 mam-

mographic views (ie, two views for each
of 50 cases) (Fig 4). For image-based true-
positive analysis, the malignant lesion
was detected in all 10 CAD runs for 41 of
the 100 mammographic projections (far
right column). The lesion was never de-
tected by the CAD system in any of the
10 runs in 26 mammographic views (far
left column). Columns one through nine
combined demonstrate CAD inconsis-
tency for the remaining 33 views (33%)
in which the malignant lesion was iden-
tified correctly at least once but less than
all 10 times.

Reproducibility of False-Positive
CAD Marks

Because many sites of false-positive
findings—such as film artifacts or over-

lapping tissues in one view only—have
no correlative false-positive findings in
the accompanying mammographic view,
false-positive marks were evaluated by
using only image-based (ie, single-view)
analysis in our study. Forty of the 100
mammographic views (17 craniocaudal,
23 mediolateral oblique) demonstrated
no false-positive marks in any of the 10
CAD runs. The maximum number of
false-positive marks identified over the
10 CAD runs combined for a single mam-
mographic view was nine. However, a
maximum of only five false-positive
marks was identified in any one of the 10
CAD runs for this case; four additional
false-positive marks were identified in
the remaining nine CAD runs for this
case.

A total of 133 false-positive locations

Figure 2. (a) Craniocaudal (left) and mediolateral oblique (right) mammograms in a 64-year-old woman with invasive ductal carcinoma detected
as a 9-mm spiculated mass (arrows) at screening mammography. (b) Spot compression magnification view demonstrates the spiculated mass (arrow)
in a to better advantage. (c) Photograph of computer monitor display of CAD system output. Asterisk overlying spiculated mass in the mediolateral
oblique image (right) confirms accurate detection by the CAD system. Spiculated mass is noncalcified, and triangle overlying lateral right breast in
craniocaudal view (left) indicates location of an artifact. (d) Photograph of computer monitor display of repeat CAD analysis. An asterisk does not
overlie the mass in either projection, indicating false-negative analysis by the CAD system. This mass was detected in eight of 10 CAD runs.
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were identified from the 10 CAD runs of
the 100 mammographic images ana-
lyzed. Some of the false-positive loca-
tions were identified in only a single CAD
run, while others were identified several
times. A total of 660 false-positive marks
were recorded by the CAD system for the
10 CAD runs of the 100 mammographic
images for an average 0.66 (660 of 1000)
false-positive marks per image. Only 24
false-positive locations in the 100 mam-
mographic images were identified consis-
tently in all 10 CAD runs.

Comparison of variability of the true-
positive marks and false-positive marks
by using the Wilcoxon signed rank test
indicates that false-positive marks were
significantly more variable for both

craniocaudal views (P � .001) and medio-
lateral oblique views (P � .022).

DISCUSSION

While a cursory examination of CAD sys-
tems suggests that CAD analysis might be
perfectly reproducible, prior studies have
demonstrated some inconsistency in
CAD cues (11,12). In the first published
study on CAD reproducibility, to our
knowledge, Malich et al (11) analyzed
mammograms from 100 cases of breast
cancer. Images from each examination
were analyzed three times by using an
older version of the same CAD system
evaluated in the present study. Malich et

al (11) determined that the CAD system
provided identical true-positive and
false-positive cues in the three analyses
for only 18 of the 100 studies. When
evaluating reproducibility of true-posi-
tive cues, the authors of that study com-
pared only whether a lesion was marked
consistently in both views of the three
CAD runs. Since a true-positive cue in
either mammographic projection may be
sufficient to help a radiologist detect a
cancer, however, this method of analysis
may lead to overestimation of the poten-
tial clinical effect of CAD variability. De-
spite assertion that the high sensitivity of
a CAD system could reduce the number
of false-negative mammographic inter-
pretations, the authors concluded, “be-

Figure 3. (a) Craniocaudal (left) and mediolateral oblique (right) mam-
mograms in a 69-year-old woman with invasive ductal carcinoma de-
tected as a 10-mm mass with an obscured margin (arrows) at screening
mammography. (b) Photograph of computer monitor display of CAD
system output. Asterisk (arrow) overlying breast mass in the craniocaudal
projection (left) confirms accurate detection by the CAD system. Triangle
overlying the inferior breast on the mediolateral oblique view (right)
indicates location of an artifact. (c) Photograph of computer monitor
display of repeat CAD analysis. An asterisk does not overlie the mass in
either projection, indicating false-negative analysis by the CAD system.
This mass was detected in seven of 10 CAD runs. LCC � left craniocaudal,
LMLO � left mediolateral oblique.
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cause of technical limitations, the system
used in the study does not reach suffi-
cient values of reproducibility for the
clinical routine” (11).

In the study of Zheng et al (12), in
which a more recent version of the same
CAD system was used, the authors also
reported inconsistency in CAD sensitiv-
ity when 100 cases were evaluated three
times. In that study, the authors reported
that variability had decreased substan-
tially with 78.8% of malignant masses
and 93.5% of malignant calcification
clusters identified consistently by using
case-based analysis in three CAD runs. In
the present study, only 52% of malignant
masses and 76% (19 of 25) of malignant
calcification clusters were identified con-
sistently in all 10 CAD runs. Variability
appears substantially higher in our anal-
ysis in part because CAD evaluation was
performed 10 times in the present study,
compared with only three times in the
two reports published previously. These
additional CAD runs provide substan-
tially greater opportunity to detect CAD
variability and, therefore, provide a more
exhaustive evaluation of the potential ef-
fect of this inconsistency in actual clini-
cal practice.

In addition to the two studies pub-
lished previously with regard to CAD re-
producibility, the manufacturers of the
two most widely available commercial
CAD systems have reported reproducibil-
ity studies that have not been published
in the medical literature, including one
study listed on a manufacturer’s Web site
(www.r2tech.com/prf/prf001.html#3) and
the other reported in the manufacturer’s
submission for Food and Drug Adminis-
tration device labeling for their CAD sys-
tem (iCAD device labeling, 2003). Each of
these unpublished studies report excel-
lent or virtually perfect reproducibility.
However, the design of these unpublished

studies, as well as that of the reports pub-
lished previously, may not precisely reflect
the clinical effect of inconsistency in
CAD output. Three of four prior studies
limit analyses to three CAD runs per ex-
amination (11,12). Investigators in at
least one prior published study (11) and
one unpublished study (www.r2tech.com/
prf/prf001.html#3) used older versions of
commercial CAD systems. However, we
believe the most important limiting char-
acteristic of prior studies is the patient
population used.

Because CAD is most commonly used
as a “double read” of screening mammo-
grams, a population of screening-de-
tected malignancies should be empha-
sized in studies on the reproducibility of
CAD systems. Although the precise pa-
tient population cannot be determined
for any of the four prior CAD reproduc-
ibility studies, prior studies appear to
have included symptomatic patients in
the study population. In one manufac-
turer’s study (www.r2tech.com/prf/prf001.
html#3), only “well-characterized” can-
cers were evaluated. Given the previously
published studies and the data presented
here, the near-perfect reproducibility re-
ported in this manufacturer’s study sug-
gests that the cancers used may have
been readily apparent.

The original study on CAD reproduc-
ibility (11), as well as the most recent
report (12), do not state clearly whether
palpable—and potentially more appar-
ent—cancers were excluded. Just as sen-
sitivity of a CAD system may be overesti-
mated when conspicuous symptomatic

cancers are analyzed, consistency of CAD
may also be overestimated when the
study population includes conspicuous
symptomatic cancers.

In the present study, a current, well-
maintained CAD system was used to an-
alyze consecutive breast cancer cases de-
tected at screening mammography.
Although it is not known whether a CAD
system can mark lesions in different ways
depending on maintenance, it is possible
that debris in the system could affect the
digitization process adversely and there-
fore affect cancer detection. Each mam-
mogram was analyzed by the CAD sys-
tem 10 times. These factors suggest that
the CAD variability presented here most
closely reflects the inconsistency that can
be encountered in daily clinical practice.

The potential clinical effect of CAD
variability is considerable; in one-third of
screening mammographic images with a
visible breast cancer, the CAD system was
inconsistent in its ability to detect and
mark the malignant lesion. Indeed, in
more than one case in four (28%) in
which the cancer was only sporadically
marked in at least one view, inconsis-
tency in the output of the CAD system
had the potential to directly affect
whether a cancer was detected. Further,
the cases that were marked with the least
consistency—subtle masses—are the same
cases for which radiologists would be
most likely to benefit from consistent
CAD assistance.

While inconsistency of the CAD sys-
tem may directly affect whether an indi-
vidual breast cancer is detected, less vari-

TABLE 2
Correctly Marked Breast Cancers on
100 Images (for Each of 10 Separate
CAD Analyses)

CAD Run No. of True-Positive Marks

1 60 (60)
2 57 (57)
3 59 (59)
4 63 (63)
5 64 (64)
6 67 (67)
7 61 (61)
8 59 (59)
9 63 (63)

10 58 (58)

Figure 4. Histogram depicts the number of true-positive
analyses in 10 CAD runs for 100 mammographic views of 50
breast cancers detected at screening by using image-based eval-
uation (ie, each mammographic view considered separately).
Because of inconsistency in CAD output, a malignancy was
marked correctly between one and nine times but not all 10
times for 33 of the 100 mammographic views (33%).
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ability was noted for CAD analysis of the
entire group of malignant cases. For the
entire group, the sensitivity of the CAD
system was more reproducible. That is,
while individual cases were often marked
inconsistently in the 10 CAD runs, the
CAD system did consistently detect
40–43 of the 50 cancers present. This
level of consistency was achieved because
different cancers were detected or missed
in different CAD runs. While an individ-
ual cancer may have been missed in a
particular CAD run, a different cancer—
missed previously—was detected in that
run, maintaining the sensitivity over the
study population in a moderately narrow
range.

The results of this study indicate that
while there is considerable inconsistency
in the ability of the CAD system to detect
any single cancer, this variability aver-
ages out, and the CAD system is reason-
ably consistent in its sensitivity when an
entire population of cases is considered.
The source of variability in CAD systems
has been explored previously and is likely
due to inconsistency in the initial digiti-
zation of the mammographic film and
concomitant electronic noise caused by
the digitization process (11). The present
generation of CAD systems requires digi-
tization of the mammographic film as
the first step in analysis (14). This initial
digitization step is subject to inconsis-
tency, since the film advances into the
digitizer in a slightly different lateral po-
sition and angle (11). For lesions at the
threshold of detectability, this slight dif-
ference appears to be sufficient to alter
the ability of the CAD system to detect
the lesion. Since false-positive regions are
likely to be closer to the threshold of
detectability, slight differences in film
positioning during digitization likely ac-
count for the greater variability measured
for false-positive cues, as compared with
true-positive cues (12).

In the present study, it is interesting to
note that the overall sensitivity of the
CAD system could have been improved
by 10%, from an average of 82.4% to a
maximum of 92.0%, by combining the
CAD outputs for all 10 CAD runs. This
approach to improving CAD sensitivity is
clearly not feasible at the present speed
of digitization. Further, combining the

outputs of all 10 CAD runs would have
doubled the false-positive marks from an
average of 0.66 marks per film to a max-
imum of 1.33 marks per film.

There are three noteworthy limitations
to the study presented here. First, in this
study, we evaluated only one CAD model
from only one of several commercial
manufacturers. It is not known whether
CAD systems developed by other manu-
facturers with different digitizers and de-
tection algorithms would perform simi-
larly. Second, this study was performed
by using only a single example of the
CAD model. Although the system was
new and well maintained, it is possible
that other units of the same model could
perform dissimilarly. Finally, this study
demonstrates how the CAD system per-
forms independent of the interpreting ra-
diologist. While the CAD system alone
may have substantial interrun variability,
the skill of the interpreting radiologist
may mitigate some of this variability and
result in overall greater reproducibility
than the CAD system alone.

In summary, the results of this study
indicate that state-of-the-art commer-
cially available CAD systems for mam-
mography can suffer from greater incon-
sistency than that reported previously
when used to evaluate a screening popu-
lation. The performance of the system is
more reproducible when a population of
cases is considered instead of a single
mammographic examination. However,
the importance of CAD reproducibility
should be considered in conjunction
with (a) prior studies that clearly demon-
strate the ability of CAD systems to de-
tect more than three-quarters of breast
cancers overlooked by radiologists alone
(4) and (b) studies that have demon-
strated the ability of these systems to sub-
stantially improve the sensitivity of inter-
preting radiologists in actual clinical
practice (6). These studies, combined
with the data presented here, indicate
that CAD systems can indeed help radi-
ologists improve patient care, although
CAD systems—like their human counter-
parts—may offer different opinions each
time a mammogram is reviewed.
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