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Abstract The purpose of the study was to evaluate the

impact of a computer-aided detection (CAD) system on the

performance of mammogram readers in interpreting digital

mammograms in a clinical population. Furthermore, the

ability of a CAD system to detect breast cancer in digital

mammography was studied in comparison to the perfor-

mance of radiologists and technologists as mammogram

readers. Digital mammograms of 1,048 consecutive

patients were evaluated by a radiologist and three tech-

nologists. Abnormalities were recorded and an imaging

conclusion was given as a BI-RADS score before and after

CAD analysis. Pathology results during 12 months follow

up were used as a reference standard for breast cancer.

Fifty-one malignancies were found in 50 patients. Sensi-

tivity and specificity were computed before and after CAD

analysis and provided with 95% CIs. In order to assess the

detection rate of malignancies by CAD and the observers,

the pathological locations of these 51 breast cancers were

matched with the locations of the CAD marks and the

mammographic locations that were considered to be sus-

picious by the observers. For all observers, the sensitivity

rates did not change after application of CAD. A mean

sensitivity of 92% was found for all technologists and 84%

for the radiologist. For two technologists, the specificity

decreased (from 84 to 83% and from 77 to 75%). For the

radiologist and one technologist, the application of CAD

did not have any impact on the specificity rates (95 and

83%, respectively). CAD detected 78% of all malignancies.

Five malignancies were indicated by CAD without being

noticed as suspicious by the observers. In conclusion, the

results show that systematic application of CAD in a

clinical patient population failed to improve the overall

sensitivity of mammogram interpretation by the readers

and was associated with an increase in false-positive

results. However, CAD marked five malignancies that were

missed by the different readers.
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Introduction

Mammography is the most widely used method for early

detection and diagnosis of breast cancer and has shown to

result in a significant reduction in mortality. However,

despite its effectiveness, a number of mammographically

detectable breast cancers may still be missed [1].

Therefore, interest is growing in the use of computer-

aided detection (CAD) systems, which mark suspicious

regions that may otherwise be overlooked by the mam-

mogram reader. Many studies have validated CAD tech-

niques in screening populations and found a sensitivity

ranging from 73 [2] to 96% [3]. Moreover, the impact of a

CAD system on the performance of mammogram observers

was evaluated in several studies [2, 4–14], showing that

there is insufficient evidence to claim that CAD improves

cancer detection rates but that it does increase recall rates

in screening programs for breast cancer [15].
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Little is known on the feasibility of CAD software in

mammography in a clinical population. In the Netherlands,

hospital radiology departments perform both diagnostic

and screening mammography. Diagnostic examinations are

carried out in women with clinical signs and symptoms

suggestive for breast cancer, women referred through the

national breast cancer screening program and in women

with a personal history of breast cancer. Furthermore,

screening examinations are performed in asymptomatic

women referred for a family history of breast cancer, a

genetic predisposition or for reassurance. The application

of CAD in such a clinical population is as a screening tool,

indicating areas that need special interest in screening

mammograms and indicating additional abnormalities in

the ipsilateral and the contralateral breast in diagnostic

mammograms.

In addition to the use of CAD systems to increase the

cancer detection rate, another performance improving

development in diagnostic breast imaging includes the

deployment of radiographic technologists in double read-

ing or pre-reading mammograms. In the setting of an

increased workload for radiologists, this alternative work-

ing practice, known as skill mixing, has been explored in

many studies [16–21]. A systematic review showed that

technologists could be as sensitive as radiologists in

detecting breast malignancies, but with higher false-posi-

tive rates [22]. This raises the question whether the appli-

cation of CAD software could also enhance the reading

performance of technologists.

The aim of the current study was twofold. First, the

impact of a CAD system on the performance of mammo-

gram readers in interpreting digital mammograms in a

clinical population was evaluated. Second, the ability of a

CAD system to detect breast cancer in digital mammog-

raphy was studied in comparison to the performance of

radiologists and technologists as mammogram readers.

Methods

Patient selection

Digital mammography examinations of 1,050 consecutive

women referred to the radiology department of Maastricht

University Medical Centre between January 2007 and July

2007 were selected for this study. Two patients with a

proven breast malignancy at the time of mammography

examination were excluded. Consequently, mammograms

of 1,048 patients with a mean age of 51 years (range 20–

90) were included in the study. In 829 patients (79%),

diagnostic mammography was performed, whereas 219

women (21%) were referred for screening mammography.

Indications for referral for diagnostic breast imaging were:

follow up of prior breast malignancy (n = 285, 27%),

including 164 examinations after lumpectomy and 121

examinations after mastectomy, the occurrence of a pal-

pable breast lump (n = 255, 24%), other symptomatic

complaints like pain or nipple abnormalities (n = 189,

18%), follow up of a prior benign abnormality (n = 62,

6%) and referral through the national breast cancer

screening program (n = 38, 4%). Indications for screening

mammography were: family history of breast cancer,

including BRCA gene mutation (n = 174, 17%), and other

asymptomatic reasons for referral (n = 45, 4%).

In all patients, a standard two-view unilateral or bilateral

mammography examination was performed, using a full-

field digital mammography system (Giotto Image FFDM,

IMS, Bologna, Italy).

The institutional medical ethics committee approved the

study.

Reference standard

The reference standard for the presence or absence of

breast cancer was determined by the pathologic results

from core needle biopsies and surgical excisions within a

follow up of 12 months. Breast cancer status was presumed

to be negative when no pathologic condition was reported

after 1 year. Lobular carcinomas in situ were excluded as

malignancies.

Pathology data were retrieved from PALGA, a nation-

wide network and registry of histopathology and cytopa-

thology in the Netherlands, to which all Dutch hospital

pathology departments are linked.

In the population described earlier, 51 breast cancers

were found in 50 patients, leading to a prevalence of 4.8%

(50/1,048). One patient had bilateral breast cancer. Forty-

six patients with a malignancy (92%) were referred for

diagnostic mammography; four were referred for screening

mammography.

The histopathologic classification of breast cancer

included 6 ductal carcinomas in situ, 35 invasive ductal

malignancies, 8 invasive lobular malignancies and 2 other

invasive malignancies.

Breast density categories were scored for all patients

with breast cancer by a well-experienced radiologist (CB).

Twenty-one mammography examinations were classified as

\25% dense, 17 examinations as 25–50%, 12 as 50–75%

and 1 as [75%.

CAD system

All digital images were analyzed using the Second Look

Digital CAD system (iCAD Inc.; Beavercreek, OH, USA;

version 7.2-H; date of installation: December 4th 2006).

The system uses artificial intelligence and pattern
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recognition technology to highlight suspicious regions on a

mammogram with size-varying marks [10]. Possible mas-

ses on the mammogram are marked by ellipses; possible

microcalcifications are indicated by squares. The software

uses binary thresholds in order to decide whether a mark is

displayed.

Instruction of the observers in the use of the Second

Look CAD system was provided by the manufacturer by

onsite training after installation. Furthermore, 9 months of

clinical experience with the software was realized before

the onset of this study. During this period, all readers used

the software according to their own judgment in each

specific patient.

Impact of CAD system on reader performance

In order to evaluate the impact of the CAD system on the

performance of the observers, the set of 1,048 consecutive

mammography examinations was evaluated before and

after CAD analysis. Each mammogram was interpreted by

four observers, consisting of the radiologist on duty and

three technologists.

Two radiologists were involved in the study and,

according to their work schedule in daily practice, they

both evaluated half of the set of mammograms. They

have, respectively, 5 and 20 years of experience in

reading over 1,000 mammograms a year in the depart-

ment. The technologists involved had 1 year experience

in mammogram interpretation, as part of a project on

radiology skill mixing in which they were trained as

mammogram readers [23]. The observers had full infor-

mation on patients’ age and reason for referral, and had

access to prior screening and diagnostic mammographic

images. All were blinded to the evaluations of the other

observers.

All mammographic findings were registered on case

record forms. Abnormalities were sketched in a represen-

tation of each breast in craniocaudal and mediolateral

oblique views. A BI-RADS score was given, which is

based on a grading reporting scale for mammography with

an increasing degree of suspicion for malignancy [24].

Furthermore, it was indicated whether the observer advised

additional diagnostic workup. The impact of CAD on the

performance of the observers was evaluated in special

reading sessions, in which the mammograms were read

again with the help of the CAD software.

All observers indicated whether the CAD marks added

valuable diagnostic information to their own original

evaluation, sketched in the relevant CAD marks on the

representation of the breasts and assigned a BI-RADS score

for that abnormality. Furthermore, it was indicated whether

additional diagnostic workup was advised by the readers,

based on the new findings of the CAD system.

To evaluate the diagnostic performance of the observers,

sensitivity, specificity, positive predictive value (PPV) and

negative predictive value (NPV) were computed before and

after CAD analysis and provided with 95% CIs. Further-

more, a diagnostic odds ratio (DOR) with 95% CIs was

calculated before and after application of the CAD system.

The DOR is a measure for the diagnostic performance of a

test as it combines sensitivity and specificity in one mea-

sure. The DOR can be derived by dividing the odds of a

positive test result among diseased persons by the odds of a

positive test result among non-diseased persons [(sensi-

tivity/(1 - sensitivity)) 9 (specificity/(1 - specificity))].

A DOR of 1 implies that the test has no discriminatory

power at all; the larger the DOR, the better the test dis-

criminates between patients with and without the disease of

interest [25].

The statistical measures were calculated on patient level

with a single overall BI-RADS assessment per patient that

was based on the most suspicious score of the two breasts.

BI-RADS 1 (normal) and 2 (benign finding) assessments

were interpreted as negative for analysis. In addition,

mammograms given a BI-RADS 3 (probably benign find-

ing) assessment with a recommendation of short-term or

normal follow up were recoded as BI-RADS 3- and were

considered as negative for analysis.

Mammograms with a BI-RADS 3 assessment with a

recommendation of immediate work-up were recoded as

BI-RADS 3? and were considered as positive for analysis.

This sub-classification of BI-RADS 3 assessments was

adopted from the Breast Cancer Surveillance Consortium

[26], and has been used in several mammography studies

[5, 26–28]. Furthermore, BI-RADS assessments 0 (need

additional imaging evaluation), 4 (suspicious abnormality)

and 5 (highly suggestive of malignancy) were considered

as positive for analysis.

Statistical analyses were performed using SPSS 16.0 for

Windows (SPSS Inc., Chicago, USA) and Stata 9.0 statis-

tical software package (StataCorp LP, Texas, USA).

McNemar’s test was used to test differences between

sensitivity and specificity before and after CAD analysis.

Furthermore, in order to test differences between the DORs

before and after CAD application, the bootstrap technique

was used, which is a resampling method with replacement

from the original sample [29]. P value less than 0.05 was

considered to be statistically significant.

Validity of CAD software

In order to determine the ability of the CAD system to

detect breast cancer in mammograms, all images with

proven malignancies (n = 51) were evaluated by a well-

experienced breast radiologist (CB), who was not involved

in the primary data collection of this study. First, the breast
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quadrant with a proven malignancy was obtained from the

pathology reports from core needle biopsies and surgical

excisions. Then, the pathological location of the breast

cancers were matched visually with the corresponding

location on the mammogram images. Consequently, it was

defined whether the CAD system had correctly indicated

these concerning locations. Similarly, the detection rates of

the observers in the study were defined and were compared

to the detection rate of the CAD system.

All cases with locations of CAD marks corresponding

with the center of the malignancy were considered to be

true-positive. Furthermore, when the location of the tumor

was confirmed by CAD in at least one mammographic

view of the examination, the result was regarded as true-

positive.

Consequently, the sensitivity of the CAD software was

computed as the number of malignancies correctly marked

by the system divided by the total number of malignancies.

Furthermore, in order to determine the rate of false-

positive results, CAD was applied to mammography

examinations of 100 consecutive patients with normal

mammograms (BI-RADS 1, n = 64) or mammograms with

clearly benign findings (BI-RADS 2, n = 36). All CAD

marks in these images were counted and considered to be

false-positive. Subsequently, the average number of false-

positive marks of the CAD system per patient was calcu-

lated with 95% CIs.

Results

Impact of CAD on reader performance

In Table 1, the performance of mammogram interpretation

by the observers is presented before and after CAD ana-

lysis, thus with and without knowledge of the findings of

the CAD software. For all observers, the sensitivity rates

did not change after application of the CAD software. A

mean sensitivity of 92% was found for all technologists, as

compared to the sensitivity of 84% for the radiologist.

For technologist 1 and 3, the specificity decreased from

84 to 83% and from 77 to 75%, respectively. For the

radiologist and technologist 2, the application of CAD did

not have any impact on the specificity rates.

Furthermore, the DOR rates decreased after the use of

CAD software. For the radiologist, the DOR decreased

from 96 to 90, whereas the mean DOR for the three tech-

nologists decreased from 52 to 49.

In Table 2, the effect of CAD is shown in all cases that

were found to be positive for analysis, with a BI-RADS

score of 0, 3?, 4 and 5 given by each observer. Before CAD

analysis, the radiologist classified 49 cases as BI-RADS 3?

(5% of all mammograms), whereas the technologists scored

a mean number of 165 patients as BI-RADS 3? (16% of all

mammograms). Furthermore, it was shown that application

of CAD did lead to an increase in the number of positive

cases, but mainly in the BI-RADS 3? category (n = 30).

The highest increase was found for technologist 3, from 178

to 200 BI-RADS 3? cases. However, no additional

malignancies were detected after CAD analysis, so these

cases can be regarded as false-positive results.

Further analysis of these 30 cases showed that before

CAD, these mammograms had a BI-RADS classification of

either benign (n = 6) or normal (n = 24).

The two other changes in BI-RADS category after the

application of CAD included a shift of BI-RADS 2 into 0

for technologist 1 and BI-RADS 2 into 4 for technologist 3.

Validity of CAD software

Analyzing all CAD marks on the 51 mammograms with

proven breast cancer showed that the CAD system cor-

rectly marked 40 malignancies. Consequently, the sensi-

tivity of the detection of malignancies by the CAD

software in this specific population was 78%. In 11 of the

Table 1 Reader performance (50 patients with breast cancer in 1,048

patients)

Before CAD

analysis

After CAD

analysis

Radiologist Sens 84 (71–93) 84 (71–93)

Spec 95 (93–96) 95 (93–96)

PPV 45 (34–55) 44 (34–54)

NPV 99 (98–100) 99 (98–100)

DOR 96 (43–210) 90 (42–193)

Technologist 1 Sens 92 (81–98) 92 (81–98)

Spec 84 (82–86) 83 (81–86)*

PPV 23 (17–29) 22 (16–28)

NPV 99 (99–100) 99 (99–100)

DOR 62 (23–167) 57 (21–155)*

Technologist 2 Sens 92 (81–98) 92 (81–98)

Spec 83 (81–85) 83 (81–85)

PPV 22 (16–28) 21 (16–27)

NPV 99 (99–100) 99 (99–100)

DOR 57 (21–154) 56 (21–152)

Technologist 3 Sens 92 (81–98) 92 (81–98)

Spec 77 (74–79) 75 (72–77)**

PPV 17 (12–22) 15 (11–20)

NPV 99 (99–100) 99 (99–100)

DOR 38 (14–103) 34 (13–91)**

Sens, spec, NPV, PPV are shown as percentages. Data in parentheses

are 95% CIs

* Difference between before and after data (P = 0.002)

** Difference between before and after data (P \ 0.001)
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51 mammograms (22%), however, CAD analysis missed

the malignancy (false-negative result). In three mammo-

grams, no CAD marks were given at all, whereas marks

were placed outside the location of the malignancy on eight

mammograms.

Furthermore, in the 100 consecutive patients with normal

(n = 64) and benign findings (n = 36), CAD software indi-

cated 225 marks in 79 patients, leading to an average number

of 2.9 false-positive marks per patient (95% CI 2.4–3.3). Of

these 79 patients, 60% were scored as BI-RADS 1 and 40% as

BI-RADS 2. In all 100 patients, the CAD system displayed an

average number of 2.3 false-positive marks per patient (95%

CI 1.8–2.7) with 0.7 calcification marks (95% CI 0.4–1) and

1.6 mass marks (95% CI 1.3–1.8).

Breast cancer detection by CAD versus observers

In Table 3, detailed information of the performance of the

observers and the CAD system in detecting the 51 malig-

nancies in this study is presented. The mean detection rate

of the observers in diagnostic mammograms was 87%

(range 79–89).

In the screening mammograms, the three technologists

detected all four malignancies (100%), whereas the radi-

ologist detected three.

Distinguishing the performance by breast density levels,

the mean detection rate of the observers was 94% in non-

dense breasts (\50% density) compared with 67% in dense

breasts ([50% density). The CAD system detected 84% of

the malignancies in the non-dense breasts, compared with

62% in dense breasts.

When specifying the histopathologic type of breast

cancer, it is shown that all patients with DCIS were cor-

rectly identified by all observers and the CAD system.

Furthermore, the observers and CAD detected about 85%

of all patients with invasive ductal carcinoma. Women with

invasive lobular carcinomas were found by the radiologist

and technologists in 6 to 8 out of 12 cases, whereas CAD

identified only 4.

Analyzing the CAD marks given by the system in the 51

mammograms with a histology-proven breast cancer,

showed that five malignancies were indicated by a CAD

mark without being noticed as suspicious by the observers.

The radiologist failed to identify four of these malignan-

cies, one technologist failed in two cases and two tech-

nologists failed to detect three.

Four of these malignancies were in diagnostic mammo-

grams; one malignancy was detected in screening mammo-

grams. Three patients had non-dense breasts (\50% density)

and two patients had dense breasts ([50% density). All

malignancies were invasive ductal carcinomas.

Discussion

This study demonstrated that the application of CAD was

associated with an increased number of false-positive cases

in all observers and failed to improve the sensitivity of

mammogram interpretation. Furthermore, the CAD system

correctly indicated 78% of the 51 cancers which is con-

sistent with results in other studies with consecutive patient

series in screening mammography, reporting sensitivities

ranging from 73 to 96% [2, 3, 13, 30].

The use of a consecutive patient series is a strength of

this study, as it represents the patient population referred

for diagnostic and screening mammography in daily clin-

ical practice. However, the use of special reading sessions

in order to evaluate the mammograms with and without the

Table 2 Effect of CAD in all cases regarded to be positive for analysis

Radiologist Technologist 1 Technologist 2 Technologist 3

Before After Before After Before After Before After

BI-RADS 0

Total (n) 7 7 2 3 3 3 41 41

Malignancies (n) 1 1 0 0 0 0 0 0

BI-RADS 3?

Total (n) 49 51 155 160 161 162 178 200

Malignancies (n) 9 9 6 6 4 4 7 7

BI-RADS 4–5

Total (n) 38 38 46 46 50 50 57 58

Malignancies (n) 32 32 40 40 42 42 39 39

Total positive cases

Total (n) 94 96 203 209 214 215 276 299

Malignancies (n) 42 42 46 46 46 46 46 46

The values given in bold are the only data that changed after CAD analysis
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application of CAD software can be regarded as a potential

limitation, as this does not represent daily practice. The

lack of direct clinical consequences of the BIRADS

assessments given, combined with the large volume of

mammograms in these reading sessions, may possibly have

led to a loss of focus and a potential decrease in perfor-

mance. However, in order to provide equal evaluation

circumstances for all observers and to monitor the data

collection closely, this study design was thought to be the

most appropriate.

Another limitation of this study is the lack of informa-

tion on a potential learning curve in using the CAD soft-

ware. Although the CAD software was available to all

observers for 9 months before the onset of the study,

detailed information about the actual experience of the

observers with the CAD software was missing.

In this study, the sensitivity of mammogram evaluation

without including information on additional imaging tests

was 84% for the radiologist and 92% for the three tech-

nologists (McNemar, P value 0.125). However, the higher

sensitivity for the technologists comes at the cost of a lower

specificity. The technologists’ mean specificity was sig-

nificantly lower than for the radiologist (81 and 95%

respectively, McNemar, P value \ 0.001). Apparently,

technologists were more cautious and uncertain in their

evaluation which did lead to a higher rate of false-positive

results. These findings are in accordance with the results of

a systematic literature review indicating that technologists

could be as sensitive as radiologists in detecting malig-

nancies on mammograms, but with lower specificity [22].

It needs to be mentioned that the sensitivity of the

radiologist for mammogram evaluation in our study is in

concordance with the performance found in other studies

on similar patient populations [31, 32]. In addition, the

DOR which combines sensitivity and specificity into one

measure was higher for the radiologist (96) as compared to

the technologists (38–62). This means that the overall

performance in mammogram evaluation was better for the

radiologist as compared to the technologists.

In most published studies, CAD was applied to con-

ventional mammographic images that were digitized. A

few studies evaluated CAD in digital mammograms. In a

study of Kim et al. [12], initial and follow up mammo-

grams of 93 patients with a malignancy were read by a

CAD system. An overall sensitivity of 90% was found,

whereas the reproducibility of true-positive CAD marks

was high. Yang et al. [3] reported a CAD sensitivity of

96% in 103 screening breast cancers. In a study of Wei

et al. [33], CAD was evaluated in full-field digital mam-

mograms and digitized screen-film mammograms. In a set

with 131 masses, no significant difference was found

between the performance of CAD in the digital images and

the screen-film images.

It can be assumed that the availability of digital mam-

mography, like in this study, will facilitate the applicability

of CAD software in daily clinical practice. Evaluating

Table 3 Detection of malignancies (n = 51)

n detected by

n malignancies Radiologist Technologist 1 Technologist 2 Technologist 3 CAD CAD alonea

Total 51 (100%) 42 (82%) 45 (88%) 46 (90%) 45 (88%) 40 (78%) 5 (10%)

Setting

Screening 4 (8%) 3 (75%) 4 (100%) 4 (100%) 4 (100%) 3 (75%) 1

Diagnostic 47 (92%) 39 (83%) 41 (87%) 42 (89%) 41 (87%) 37 (79%) 4

Density (%)

\25 21 (41%) 19 (90%) 20 (95%) 20 (95%) 20 (95%) 19 (90%) 2

25–50 17 (33%) 16 (94%) 16 (94%) 16 (94%) 16 (94%) 13 (76%) 1

51–75 12 (24%) 7 (58%) 9 (75%) 10 (83%) 9 (75%) 8 (67%) 2

[75 1 (2%) 0 0 0 0 0 –

Type

DCIS 6 (12%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) –

Invasive ductal malignancies 35 (69%) 29 (83%) 30 (86%) 30 (86%) 29 (83%) 30 (86%) 5

Invasive lobular malignancies 8 (16%) 6 (75%) 7 (88%) 8 (100%) 8 (100%) 4 (50%) –

Other invasive malignancies 2 (4%) 1 (50%) 2 (100%) 2 (100%) 2 (100%) 0 –

CAD analysis

Detected 40 (78%) 36 (90%) 38 (95%) 37 (93%) 37 (93%) – –

Missed 11 (12%) 6 (55%) 7 (64%) 9 (82%) 8 (73%) – –

a Malignancies detected by CAD, but missed by at least one of the observers
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mammograms with CAD software in digital images avoids

loss of image quality and reproducibility of the CAD sys-

tem because of a mechanical scanning digitization process.

Furthermore, in digital mammography CAD software can

be applied immediately after image acquisition, whereas in

conventional analog mammography, the digitization of

mammograms will provide a time delay.

Most studies report the application of CAD software in

screening mammograms. Only a few studies evaluated the

feasibility of CAD software in a population including both

symptomatic patients as well as women referred for

screening mammography. Brancato et al. [34] included

3,425 women attending a self-referral breast centre for

digital mammography. Of all women, 25% presented with

symptoms and 75% presented for screening. In this popu-

lation, 102 malignancies (88 in symptomatic women and

14 in women having screening) were detected by the

radiologist without the use of CAD. After application of the

CAD software, three additional malignancies were found in

patients with symptoms and two in women presenting for

screening.

Furthermore, in a prospective study, Dean and Ilvento

[30] evaluated the impact of CAD on cancer detection in

9,520 film-screen mammograms. Of all mammograms,

60% were screening studies and 40% were diagnostic. 104

malignancies were detected and, after CAD application, a

10.8% increase in cancer detection was found.

In our study, only 21% of all women attended for

screening mammography. The other 79% were referred for

diagnostic mammography. In this population, no additional

malignancies were found by the observers after CAD

analysis. However, a close analysis of the CAD marks that

were given in mammograms with histology-proven

malignancies showed that CAD indicated five additional

malignancies that were missed by one or more observers.

This indicates that the readers in this study did not always

respond to a correct mark of the CAD system. The large

number of false-positive marks resulting in a low speci-

ficity of the CAD system, may be an explanation. On

average, over two false-positive marks were displayed per

patient, so more than 99% of the marks should be ignored

to find one true-positive finding that was missed initially by

the observer. The interpretation of a CAD mark is based on

mammographic features of the finding and the experience

of the observer. Furthermore, patient characteristics, reason

for referral and clinical findings influence the observers’

decision to act on CAD marks. Therefore, it can be argued

that it is difficult to improve sensitivity while maintaining

the high specificity of the observer.

The application of CAD decreased the performance of

two technologists in reading mammograms in a clinical

population because of higher false-positive rates. It can be

assumed that the technologists were indecisive of the CAD

marks because of the large number of marks. Furthermore,

it is likely that the degree of experience will play a role.

Studies evaluating the association between radiologists’

experience and accuracy in reading screening mammo-

grams, demonstrate a higher specificity in radiologists who

routinely evaluate large numbers of mammograms [35, 36].

Therefore, it may be assumed that the use of CAD software

will influence inexperienced readers, like the technologists

in this study, more than well-experienced readers, like the

radiologist. The results of this study support this assump-

tion, as two technologists produce much more additional

false-positive results after CAD analysis, compared to the

radiologist.

Concluding, this study has disclosed valuable informa-

tion about the application of CAD software in mammog-

raphy in a daily clinical population. Although the results

show that systematic application of CAD in a clinical

patient population failed to improve the overall sensitivity

of mammogram interpretation by the readers and was

associated with an increase in false-positive results, CAD

marked five malignancies that were missed by the different

readers. However, the usefulness of CAD software in a

clinical population remains limited.
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