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Computer-aided Detection
with Screening
Mammography in a University
Hospital Setting1

PURPOSE: To prospectively assess the effect of computer-aided detection (CAD) on
screening mammogram interpretation in an academic medical center to determine
if the outcome is different than that previously reported for community practices.

MATERIALS AND METHODS: Institutional review board approval was granted,
and informed consent was waived. During a 19-month period, 8682 women
(median age, 54 years; range, 33–95 years) underwent screening mammography.
Each mammogram was interpreted by one of seven radiologists, followed by
immediate re-evaluation of the mammogram with CAD information. Each recalled
case was classified as follows: radiologist perceived the finding and CAD marked it,
radiologist perceived the finding and CAD did not mark it, or CAD prompted the
radiologist to perceive the finding and recall the patient. Lesion type was also
recorded. Recalled patients were tracked to determine the effect of CAD on recall
and biopsy recommendation rates, positive predictive value (PPV) of biopsy, and
cancer detection rate. A 95% confidence interval was calculated for cancer detec-
tion rate. Pathologic examination was performed for all cancers.

RESULTS: Of 8682 patients, 863 (9.9%) with 960 findings were recalled for further
work-up (Breast Imaging Reporting and Data System category 0). After further
diagnostic imaging, it was recommended that biopsy or aspiration be performed for
181 of 960 findings (19%); 165 interventions were confirmed to have been per-
formed. Twenty-nine cancers were found in this group, with a PPV for biopsy of 18%
(29 of 165 findings) and a cancer detection rate of 3.3 per 1000 screening mam-
mograms (29 of 8682 patients). CAD-prompted recalls contributed 8% (73 of 960
findings) of total recalled findings and 7% (two of 29 lesions) of cancers detected.
Of 29 cancers (59%), 17 manifested as masses and 12 (41%) were microcalcifica-
tions. Ten (34%) cancers were ductal carcinoma in situ, and the remaining cancers
had an invasive component. Both cancers found with CAD manifested as masses,
and both were invasive ductal carcinoma.

CONCLUSION: Prospective clinical use of CAD in a university hospital setting
resulted in a 7.4% increase (from 27 to 29) in cancers detected. Both cancers were
nonpalpable masses.
© RSNA, 2005

Screening for breast cancer in asymptomatic women is challenging. In a clinical environ-
ment, where a large volume and rapid, efficient interpretation provide the most successful
business model (1), the prevalence of disease is low, the organ structure is complex, the
findings are subtle, and radiologist fatigue is a very real factor. The screening examination
binary interpretive decision is to separate the mammograms into two groups of findings—
negative or positive. There is a need, however, both economically and ethically, to limit
the number of women recalled for diagnostic evaluation. Recalls from screening mam-
mography occur in approximately 5%–10% of patients, with breast cancer ultimately
confirmed in only three to 10 of 1000 women screened (2).
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If we look only at studies of missed
cancers that were later detected at screen-
ing (eliminating those studies including
interval cancers), most (57%–75%) of
these missed lesions have some finding
visible on mammograms in retrospect. Of
these visible findings, however, only
27%–36% are interpreted as “actionable”
(either warranting a recall of the patient
or worrisome enough to consider biopsy
recommendation) when evaluated in a
blinded fashion (3,4). Experience has
shown that prospective double reading of
screening mammograms increases the
detection rate of cancer from 4% to 15%
(5). Error rates have been shown to de-
crease with multiple readings, whether
by humans (5–8) or by humans aided by
means of machines (9,10).

Computer-aided detection (CAD),
when used as a “spell check” type of sys-
tem, has been shown to mark missed
mammographic lesions later shown to be
cancer in both retrospective and prospec-
tive studies. The goal of our study, there-
fore, was to prospectively asses the effect
of CAD on the outcome of screening
mammogram interpretation in an aca-
demic medical center to determine if this
outcome is different than that previously
reported for community practice experi-
ence (10).

MATERIALS AND METHODS

Patients and Image Interpretation

Institutional review board approval
was granted for this study, which in-
cluded a waiver of informed consent.
During the 19-month period from Janu-
ary 2001 through July 2002, 8682 screen-
ing mammographic examinations were
performed in the same number of
women, with a median age of 54 years
(range, 33–95 years). All mammograms
were obtained with one of two mammog-
raphy systems (600T or 800T; GE Medical
Systems, Milwaukee, Wis) with screens
(MIN-R; Eastman Kodak, Rochester, NY)
and film (MIN-R; Eastman Kodak). Each
examination consisted of a standard two-
view mammogram obtained by experi-
enced technologists certified to perform
mammography. The images were evalu-
ated with a CAD system (ImageChecker
V2.2; R2 Technology, Sunnyvale, Calif),
with which the images were digitized and
analyzed in a freestanding unit. These
images were linked to a modified mam-
mogram viewer by means of a bar code.
After the standard analog images were
loaded on the screen-film viewing panels,
the radiologist initially interpreted the

images by making an assessment as to
whether any abnormal findings were
present. The CAD information was then
presented to the radiologist on low-reso-
lution monitors embedded in the control
panel that displayed the CAD marks on
low-resolution images of the mammo-
gram. The CAD system displayed an as-
terisk for densities with or without cross-
ing lines (masses or architectural distor-
tions) or a triangle for collections of
bright spots (calcifications).

The image interpretation protocol in-
cluded preliminary evaluation of approx-
imately half of the mammograms by a
2nd-, 3rd-, or 4th-year radiology resident
and final interpretation by one of seven
attending radiologists (two who special-
ized in breast imaging [R.L.B., D.M.I.]
and five with special interest in breast
imaging) who met the requirements of
the Mammography Quality Standards
Act of 1992. The years of experience for
all breast image readers ranged from 10
to 30 years. The analog images were in-
terpreted in a standard fashion, includ-
ing the use of clinical history, a magnify-
ing glass, and any available images from
previous examinations. After the attend-
ing radiologist made the final assess-
ment, the CAD marks were displayed. At
this point, the radiologist reviewed the
areas marked by the CAD system and as-
signed final Breast Imaging Reporting
and Data System (BI-RADS) (11) catego-
ries for the cases.

For the purposes of this study, the de-
tection methods for those mammograms
assessed as BI-RADS category 0 (recall
cases) were classified as follows: (a) the
radiologist initially detected a finding
and this area was marked by the CAD
system on at least one of the two mam-
mographic views (radiologist and CAD
group); (b) the radiologist detected a find-
ing and the area was not marked by the
CAD system (radiologist-only group);
and (c) the radiologist initially assessed
the mammogram as negative but was
prompted by the CAD marks to look
again at an area (or areas) and then
judged the finding as warranting a recall
(CAD-only group). Each radiologist cate-
gorized the recall cases at interpretation
into one of these three groups and re-
corded each finding separately into a log-
book that allowed for more than one le-
sion per patient.

Data and Statistical Analysis

The results of the recall cases were col-
lected and tracked on the basis of the
systems put in place because of require-

ments of the Mammography Quality
Standards Act of 1992. Of the 8682
women examined with screening mam-
mography and CAD, the following data
were collected (R.L.B., P.B.): the number
of women recalled from screening; the
type of lesion prompting the recalls and
how these lesions were detected (radiol-
ogist and CAD, radiologist only, CAD
only); and the results of follow-up diag-
nostic imaging, including the number of
examinations in which additional imag-
ing resulted in a negative reading, the
number of biopsies recommended, the
number of women who complied with
biopsy recommendations, and the num-
ber of women lost to follow-up. Also col-
lected were the types of lesions recom-
mended for biopsy and how these lesions
were detected; biopsy methods used and
information pertinent to the cancers di-
agnosed, including lesion type and
method of detection; and cancer sizes,
invasive versus in situ histologic charac-
teristics, and grades. The callback rate
was calculated and compared with that
from a prior time period.

The predicted improvement in the de-
tection rate was computed as the ratio of
cancers detected with the CAD system
alone over those detected without CAD.
Because this ratio is necessarily greater
than zero if even one cancer is detected
with CAD alone, the effect is described in
terms of a 95% confidence interval rather
than a hypothesis test (12). All analyses
were conducted by using SAS software
(version 8.2; SAS Institute, Cary, NC).
Our investigation was not a paired study
in that we had no control group. There-
fore, we performed no paired study anal-
yses.

RESULTS

Recalls

Of the 8682 women who underwent
screening examinations, 863 women
with 960 findings were recalled for diag-
nostic imaging. Table 1 indicates both
the lesion type and how the lesion was
detected (radiologist and CAD, radiolo-
gist only, CAD only). The most common
lesion type was a mass (583 of 960 le-
sions, 61%); the other lesion types were
characterized as microcalcifications (345
of 960 lesions, 36%) and architectural
distortions (32 of 960 lesions, 3%). Fol-
low-up diagnostic imaging led to a rec-
ommendation for patients to return to
screening for 718 of the 960 (75%) find-
ings, and biopsy was recommended for
181 of the 960 findings (19%). For 61 of

452 � Radiology � August 2005 Birdwell et al



the 960 findings (6%), recommendations
could not be made because the patients
did not return for diagnostic imaging.

Eight hundred sixty-three of the 8682
women (9.9%) were recalled during the
study period. This recall rate is slightly
higher than that from a similar period of
time before the use of CAD (1021 of
12 147 women, 8.4%). Recall rates at the
finding level (on the basis of the 960
findings) revealed a CAD-only contri-
bution of 0.84% (73 of 8682 women),
with most findings (10.2%, 887 of 8682
women) recalled by the radiologist (ei-
ther radiologist only or radiologist and
CAD). Therefore, the use of CAD in-
creased the recall rate at the finding level
by 8.2% (73 of 887 women). Sixty-nine
women were recalled on the basis of CAD
findings alone, which resulted in a CAD-
only contribution to the patient recall
rate of 0.79% (69 of 8682 women).

Biopsies

Of the 181 lesions recommended for
intervention (in 159 women), procedures

were completed for 165 lesions (91%).
Thirteen women with 16 findings (9%)
did not comply with biopsy recommen-
dations because they were lost to follow-
up, they relocated, or they had insurance
changes dictating care at a different fa-
cility.

Biopsy procedure methods and re-
sults included 45 fine-needle aspiration
biopsies with either lesion resolution or
benign findings and recommendation
for 6- or 12-month follow-up, 54 core
biopsies with benign findings and rec-
ommendation for 6-month imaging
follow-up, and 57 core biopsies that re-
sulted in recommendations for exci-
sional biopsy (all cancer cases and high-
risk lesions, including atypical hyper-
plasias and lobular carcinoma in situ, as
well as lesions with discordance be-
tween imaging and histologic results).
In nine cases, patients proceeded di-
rectly to excisional biopsy. The manner
in which these biopsy-recommended
findings were detected is outlined in
Table 2.

Cancers Detected

A total of 29 cancers were found on the
8682 (0.3%) screening mammograms. Of
these 29 cancers, 19 (66%) were invasive
and 10 (34%) were ductal carcinoma in
situ. Nine of the 19 (47%) invasive can-
cers were grade I, nine (47%) were grade
II, and one (5%) was grade III. Of the 10
tumors classified as ductal carcimona in
situ, one (10%) was of low nuclear grade,
four (40%) were of intermediate grade,
and five (50%) were of high grade. At
pathologic examination, the size (in di-
ameter) of the tumors described as
masses ranged from 0.5 to 3.3 cm (mean,
1.3 cm). Calcified tumors ranged from
0.3 to 3.9 cm (mean, 2.1 cm).

Of the 29 cancers, 21 (72%) were ini-
tially detected by the radiologist and also
marked by the CAD system (radiologist
and CAD group) and six (21%) were de-
tected by the radiologist and not marked
by the CAD system (radiologist-only
group). In two cases (7%), a repeat eval-
uation by the radiologist of an area
marked by the CAD system led to a rec-
ommendation for patient recall (CAD-
only group). Lesion characterization re-
sulted in a total of 17 masses (59%) and
12 calcifications (41%), with methods of
detection as shown in Table 3 (Figs 1–3).
The detection of two additional cancers
with use of CAD represents a 7.4% (two
of 27 cancers) increase in the cancer de-
tection rate (95% confidence interval:
1.8%, 31.0%).

The positive predictive value (PPV) for
all interventional methods was 18% (29
of 165 lesions). Twenty-eight of the 45
aspirations were performed in compli-
cated cysts. If this group of benign lesions
is removed from the analysis, the PPV is
24% (29 of 120 cancers). Furthermore, if
the 54 lesions with benign core biopsies
that were recommended for 6-month im-
aging follow-up (without any reported
false-negative findings) are removed from
analysis, the PPV for surgical biopsy is
44% (29 of 66 lesions).

DISCUSSION

The stated purpose of the CAD systems
that are presently approved by the U.S.
Food and Drug Administration is to pro-
vide a “spell check” while looking at
screening mammograms, with the inten-
tion of decreasing the oversight errors
caused by those fallibilities inherent to
the radiologist: fatigue, distraction, and
inattention. It is challenging to interpret
a large volume of work in a very efficient
fashion without losing focus or giving in

TABLE 1
Lesion Type and Detection Method for All 960 Abnormal Findings

Lesion Type Radiologist and CAD Radiologist Only CAD Only Total

Mass 273 (52) 274 (77) 36 (49) 583 (61)
Calcification 244 (46) 72 (20) 29 (40) 345 (36)
Distortion 13 (2) 11 (3) 8 (11) 32 (3)

Total 530 (55) 357 (37) 73 (8) 960 (100)

Note.—Numbers in parentheses are percentages.

TABLE 2
Lesion Type and Detection Method for 181 Findings for Which Biopsy Was
Recommended

Lesion Type Radiologist and CAD Radiologist Only CAD Only Total

Mass 55 (30) 45 (25) 3 (2) 103 (57)
Calcification 57 (31) 14 (8) 6 (3) 77 (43)
Distortion 0 1 0 1

Total 112 (62) 60 (33) 9 (5) 181 (100)

Note.—Numbers in parentheses are percentages.

TABLE 3
Lesion Type and Detection Method for 29 Biopsy-Proved Cancers

Lesion Type Radiologist and CAD Radiologist Only CAD Only Total

Mass 10 (34) 5 (17) 2 (7) 17 (59)
Calcification 11 (38) 1 (3) 0 (0) 12 (41)

Total 21 (72) 6 (21) 2 (7) 29 (100)

Note.—Numbers in parentheses are percentages.
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to fatigue. In addition to the complex
breast structure and the need to detect
subtle findings, an additional stress fac-
ing radiologists might be found in the
effort to limit the recall rate. This limita-
tion may contribute to the opportunity
for false-negative interpretations. For most
missed lesions (those cases of screening-
detected lesions in which images from
the most recent previous examination
are available for comparison), some find-
ing is visible in retrospect 57%–75% of
the time; however, when these visible
findings are evaluated in a blinded fash-
ion, only 27%–36% are interpreted as
“actionable” (ie, either warranting a re-
call of the patient or worrisome enough
to consider a biopsy recommendation)
(4).

CAD systems are designed to be used
after independent (ie, unaided) case as-
sessment by the interpreting radiologist
who, after taking into account any CAD
marks, assigns a final assessment to the
case. One of the challenges inherent to
the initial use of a CAD system by radi-
ologists is to become comfortable with
the number of predominantly false
marks; false marks average 2.0 per four-
view negative mammogram for the CAD
system used in this study (13). It ap-
peared to the interpreting radiologists

that there was a learning curve when
working with the CAD system marks, in
that it took more time per screening
mammogram interpretation early in our
use of CAD than it does at the present
time. Fortunately, with experience, the
overwhelming majority of false CAD
marks are readily dismissed.

At the time of preparing this article,
there were only two published reports of
prospective studies, to our knowledge, in
which the effect of CAD on screening-
detected breast cancer was reported. Both
the study designs and results in these re-
ports differ substantially. In 2001, Freer
and Ulissey (10) reported on their pro-
spective study, in which they used a
study design similar to the one we fol-
lowed, but their study was performed in a
community practice setting and without
the assistance of in-house staff. They in-
terpreted 12 860 mammograms, recalled
986 women with 1026 findings, and di-
agnosed 49 cancers (10). Eight of the 49
cancers were detected with CAD only,
which increased the cancer detection rate
by 19.5% (eight of 49 cancers). In 2004,
Gur et al (14), in a historical comparison
study, reported no statistically significant
change in breast cancer detection rates
when using CAD in a practice that was
defined as academic rather than private.

In that study, 24 radiologists inter-
preted screening mammograms with
(n � 59 139) and without (n � 56 432)
CAD and found similar breast cancer de-
tection rates for both groups (3.55% vs
3.49% per 1000 screening examinations).

Although Gur et al (14) reported no
statistically significant increase in cancer
detection between those radiologists us-
ing CAD and those reading screening
mammograms without CAD, Feig et al
(15) noted differences when separating
seven high-volume radiologists—who in-
terpreted 71% (82 128 of 115 571) of the
cases—from 17 low-volume radiologists.
Although the high-volume readers re-
corded no statistically significant differ-
ence in the recall or cancer detection
rates with CAD compared with without
CAD (11.05 vs 11.62 and 3.49 vs 3.61,

Figure 1. Bilateral screening mammograms in a 60-year-old woman. (a) Mediolateral oblique
and (b) craniocaudal mammograms show scattered fibroglandular tissue. Linear markers on
images are routinely placed on the skin over visible incision sites in women who have previously
undergone surgery. (c) On magnified craniocaudal view, calcifications (arrows) were present in
left upper outer quadrant and were seen by the radiologist. These were not marked by CAD
(radiologist-only finding). High-grade ductal carcinoma in situ, 1.6 cm in extent, was seen at
biopsy.
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respectively), the cases in which images
were interpreted by the low-volume read-
ers did show differences in both recall
and cancer detection rates with CAD and
without CAD (12.00 vs 10.52 and 3.65 vs
3.05, respectively). The increase in the
cancer detection rate for low-volume
readers was approximately 19%; these in-
creases in recall and cancer detection
rates are similar to those reported by both
Freer and Ulissey (10) and Cupples (16)
with regard to community-based prac-
tices.

The only specific lesion type detection
analysis in the study by Gur et al (14) was
that of clustered microcalcifications alone,
where they reported 1.44 per 1000 mam-
mograms with CAD and 1.35 per 1000
mammograms without CAD. This find-
ing differs from that of Freer and Ulissey
(10), who saw an increase of 53% (80 of
150 cases) for those cases in which CAD
results prompted the radiologist to detect
the actionable calcifications. Differences

in these two reported experiences raise
the possibility that the Freer and Ulissey
practice might have had a greater reli-
ance on CAD and were more likely to
recall those cases in which the CAD sys-
tem marked calcifications. This may be
due to the known performance of the
CAD algorithm, which has consistently
demonstrated higher sensitivity for calci-
fications (98%) than for masses (86%)
(13).

Gur et al (14) suggest that our study
and studies such as that by Freer and
Ulissey (10) “may have been affected by
the fact that our results of mammo-
graphic interpretations without and with
CAD were reported on the same cases.”
Their concern centers on the fact that the
interpreting radiologists may have had a
lower level of vigilance “because they
knew that computer-aided detection would
be available to them for the final recom-
mendation and that the initial interpre-
tation did not constitute a formal clinical

recommendation.” However, we think it
more likely that because the radiologists
participating in the sequential study de-
sign used by us and by Freer and Ulissey
knew that any “misses” on their part
would be recorded, they were likely to be
overly vigilant in their initial (pre-CAD)
reading.

Our finding of a 7.4% increase in can-
cers detected with the use of CAD is sim-
ilar to the 6.4% increase reported by Mor-
ton et al (17), but both are less than the
19.5% increase reported by Freer and
Ulissey (10). Speculations as to the causes
of these differences in cancer detection
rates might be related to practice setting,
the volume of cases interpreted per radi-
ologist, the number of radiologists dedi-
cated to interpreting breast images and
teaching about breast imaging, and the
effect of interpretations made in con-
junction with the in-house radiology
staff (double reading) before engaging a
CAD system.

Figure 2. Screening mammograms in a 58-year-old woman who underwent left breast mastectomy and right breast lumpectomy and radiation
therapy for breast cancer 13 years earlier. Linear markers on images are routinely placed on the skin over visible incision sites in women who have
previously undergone surgery. (a) Mediolateral oblique and (b) craniocaudal mammograms of the right breast. A density (arrow) seen only on a was
detected by the radiologist but not marked at CAD (radiologist-only finding). (c) Mammogram obtained with spot compression shows the density
(arrow), in the upper part of the breast, to better advantage. A 0.7-cm infiltrating ductal carcinoma, grade II, was diagnosed at biopsy.
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We were somewhat surprised to note
that both the cancers detected in the
CAD-only group were masses rather than
microcalcifications. CAD systems are
known to be very sensitive for marking
microcalcifications (9,13). Although two
of 29 (7%) additional cancers diagnosed
because of CAD were masses, one of 12
(8%) cancers was perceived by a radiolo-
gist and not marked by the CAD system.
The result that radiologists found 27
(93%) of the 29 cancers and the CAD
system marked 23 (79%) emphasizes the
fact that CAD is indeed an adjunct meth-
od—a reminder to “take another look.”
CAD is not a first-line assessment of
screening mammograms where the
negative mammograms (those mammo-
grams without CAD marks) can be ig-
nored by the radiologist and all of the
physician’s attention can be focused on
those mammograms with CAD marks. At
the current level of performance, a CAD
system cannot and should not replace
the radiologist as either a first or a final
look.

Possible study limitations include the
fact that each interpreting radiologist re-
corded his or her own recall findings at
the prospective interpretation. The pres-
ence of a nonbiased individual in the
reading room to record all findings might
have resulted in a more strict assessment
of how each of the lesions was catego-
rized as having been detected (radiologist
and CAD, radiologist only, CAD only).
The study also did not record the exact
contribution of the preliminary evalua-
tions by residents to the interpretations.
It is also possible that the results from the
13 women with biopsy recommenda-
tions who were lost to follow-up could
have had an effect on the overall results
reported herein. Finally, the study was
not designed for follow-up of patients
into the next screening interval. There-
fore, the cancer detection rate and PPV at
biopsy may have been affected by those
recalled patients who were returned to
screening after undergoing diagnostic
imaging work-up alone.

Our study was designed to assess the
effect of a CAD system on the detection
of breast cancer in an academic medical
center. We found a 7.4% increase in the
detection rate of breast cancer with CAD.
Our findings did not suggest a shift to-
ward the assistance of CAD systems in
the detection of microcalcifications. Our
recall rate showed a modest increase
when compared with that from a similar
time period when we interpreted screen-
ing mammograms without the use of

CAD systems. Comparing our experience
with those from the other two published
analyses, we suggest that the use of CAD
systems may be more or less beneficial
depending on practice type, practice vol-
ume, number of dedicated breast imagers

interpreting the mammograms, the addi-
tion of human-human (attending radiol-
ogist and house staff) double interpreta-
tion before engaging the CAD system,
and the experience of the radiologists
with the CAD system.

Figure 3. Images in a 49-year-old nulliparous woman. (a) Mediolat-
eral oblique mammogram shows a density (arrow) in the upper part
of the left breast. (b) Craniocaudal mammogram shows that although
this lesion was found to be medial in location, the density (arrow-
heads) was actually anterior to the mass and represented noncom-
pressed breast tissue. The lesion was marked at CAD on a, and the
radiologist “looked again” and recommended recall (CAD-only find-
ing). (c) Sonogram obtained at the 2 o’clock position reveals an
irregular hypoechoic mass (arrows) suspicious for carcinoma. Results
of biopsy showed a 5-mm grade I infiltrating ductal carcinoma.
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