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A B S T R A C T

Breast screening with mammography is widely recognized as the most effective method of detecting early breast
cancer and has consistently demonstrated a 20–40% decrease in mortality among screened women. Despite this,
the sensitivity of mammography ranges between 70 and 90%. Computer aided detection (CAD) is an artificial
intelligence (AI) technique that utilizes pattern recognition to highlight suspicious features on imaging and
marks them for the radiologist to review and interpret. It aims to decrease oversights made by interpreting
radiologists. Here we review the efficacy of CAD and potential future directions.

1. Introduction

Breast screening with mammography is widely recognized as the
most effective method of detecting early breast cancer [1] and has
consistently demonstrated a 20–40% decrease in mortality among
screened women [2,3]. In fact, a 2014 study by Webb et al. demon-
strated that up to 71% of deaths from breast cancer are in unscreened
women [4]. Despite its established efficacy, however, the sensitivity of
mammography is suboptimal ranging between 70 and 90%, the upper
limits of the range seen with the switch from screen film mammography
to full field digital mammography (FFDM) as well as with the advent of
digital breast tomosynthesis (DBT) [5–8]. Although limitation to sen-
sitivity is inherent to the technique, studies demonstrate that up to 30%
of interval cancers (those presenting clinically within a year of a
mammogram reported as normal) and 20% of newly diagnosed cancers
were present in retrospect on prior mammograms and can therefore be
classified as missed cancers or false negatives [9–11]. Further retro-
spective review of false negative cases demonstrates that the most
common reason for missed breast cancer is misinterpretation of per-
ceived abnormality closely followed by overlooked abnormality [12].

Cultivated since the 1980s and approved by the Food and Drug
Administration in 1998, computer aided detection (CAD) has been
developed with the aim of decreasing oversights and therefore false
negative rates of radiologists interpreting images [13]. CAD is an arti-
ficial intelligence (AI) technique that utilizes pattern recognition to
highlight suspicious features on imaging and marks them for the radi-
ologist to review and interpret. CAD search algorithms are developed
by “training” the system with a set of images and includes the steps of
pre-processing, anatomic region segmentation, feature extraction and

classification. Preprocessing involves improving the contrast of the
images and tuning out the noise, thus teaching the system to ignore
variations due to technique differences. This first step can present a
limitation to a CAD system, in particular if the system is trained by
images from a single institution, thus limiting its ability to dismiss
normal variation due to differences in technique from other institutions.
Anatomic region segmentation allows the system to more easily extract
suspicious lesions from breast tissue, while feature extraction teaches
the system to detect the same suspicious features that are assessed by a
radiologist, such as microcalcifications or masses in the case of mam-
mography. Classification is the final step which teaches the software to
classify the lesions as benign or malignant [14,15]. This latter step is
utilized by computer aided diagnosis (also termed CAD, sometimes
CADx) systems not yet approved for clinical practice in mammography.

With Congress extending Medicare coverage to CAD in the Benefits
Improvement and Protection Act of 2000, use of CAD increased to 10% of
mammography facilities [16] with subsequent steady growth in CAD
utilization seen with the conversion of screen film mammography to
digital. In 2016 approximately 90% of Mammography Quality Standard
Act (MQSA)-certified digital mammography facilities utilized CAD [17]
despite conflicting evidence of CAD's diagnostic accuracy. It was in
2003 that simultaneous billing for digital mammography and CAD was
permitted [18] with two of the major commercially available mam-
mography CAD systems, R2 image checker® and iCAD Second Look®
receiving FDA approval in 1998 and 2002, respectively [13]. The most
recent American College of Radiology (ACR) 2018 practice parameter
does not advocate for or against the use of CAD, stating that CAD and
double reading “may slightly” increase the sensitivity of screening
mammography and therefore may be used, however admonishes that
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the potential slight benefit may come at the expense of decreased
specificity and increased biopsy rates [19]. Here we seek to outline the
evidence summarizing the diagnostic performance of CAD and its future
potential.

2. Single reader with CAD versus double reader

Prior to the introduction of CAD, double reading had been utilized
in an attempt to increase the diagnostic performance of mammography.
Studies have demonstrated that double reading can increase the cancer
detection rate (CDR) by 15% with no significant change in the positive
predictive value (PPV) [20]. In their review, Dinnes et al. concluded
that double reading could improve the accuracy of mammography.
They found that when used with arbitration, it resulted in an increased
CDR and decreased recall rate (RR) [21]. However, double reading
requires extensive time and resources, which may not be a viable option
in many practices. In addition, multiple studies have demonstrated that
double reading does not appear to be a cost effective option [22–24].

Older studies demonstrate mixed results when comparing the effi-
cacy of CAD with double reading. A 2006 study comparing the efficacy
of CAD with double reading in the United Kingdom Breast Screening
Program found a 32% increase in recall rate with CAD versus second
reading [25]. However, a later study comparing single reading versus
double reading versus single reading with CAD found that CAD de-
monstrated a lower recall rate than double reading (p < 0.0001). The
same study did however show an increased recall rate with utilization
of CAD versus a single reader of 10.6 versus 10.2 (p < 0.0001) [26].

In a direct comparison of CAD versus second reader, recall rates
were not significantly different. Relative increased cancer detection rate
was 0% for CAD (images were marked but reader dismissed) and 15.4%
for double reader. This study had a small sample size with only two
additional cancers detected, and did not reach statistical significance.
These findings were supported by the authors' conjecture that the true
added benefit of a second reader is the ability to discern the significance
of a finding as opposed to simply identifying it [27].

Finally, a 2008 meta-analysis of 27 studies demonstrated that
double reading with arbitration increases cancer detection rates and
decreases recall rates. In contrast, single reading with CAD did not have
a significant effect on the CDR while increasing recall rates [28]. The
authors conclude that double reading with arbitration adds more value
than single reading with CAD.

Despite these findings, CAD does offer a potentially viable option to
those practices which cannot support double reading for staffing or fi-
nancial considerations. For this reason, it is important to explore the
performance of the addition of CAD to single readers.

3. Sensitivity

The sensitivity of CAD for detecting cancer is varied, ranging from
60 to 100% [29–37]. CAD does not appear to be affected by breast
density [30–32,38] which is a limitation of screening mammography. A
2014 study investigated the sensitivity of two of the most widely
available CAD systems in detection of 161 cancers that were identified
during the DMIST trial. The authors found that with both of these
systems, the sensitivity for detecting carcinoma was significantly in-
creased with CAD (p < 0.0001 for each) [35]. However, also in 2014,
the same group published a study investigating the sensitivity of CAD in
the setting of mixed cancers and normal cases and found that there was
no difference in sensitivity with the addition of CAD. Even though CAD
had the potential to mark missed cancers, the radiologists were unlikely
to change their opinions based on these marks [29]. In the same study,
when looking at individual readers, only 28.6% in one group, and
26.7% in the other group demonstrated statistically significant in-
creased sensitivity. Readers rarely changed their opinions after the
addition of CAD [29].

A retrospective study which looked at 429,345 mammograms found

that the increased sensitivity following the addition of CAD from 80.4%
to 84% was not statistically significant. In addition, it came at the cost
of statistically significantly decreased specificity, decreased positive
predictive value, and increased biopsy rates. Specificity decreased from
90.2% to 87.2% following the implementation of CAD which was sta-
tistically significant [43]. Supporting the lack of increased sensitivity
with the addition of CAD, in their analysis of 625,625 digital mam-
mograms, Lehman et al. found no difference in overall sensitivity,
specificity, sensitivity for invasive cancer, or sensitivity for DCIS [37].

3.1. Sensitivity for calcifications

Although there may be no significant difference in overall sensi-
tivity, CAD has repeatedly demonstrated an increased sensitivity for
calcifications ranging from 80 to 100% [31–33,36,40–41]. Taplin et al.
demonstrated that CAD marked more visible calcified lesions (86%)
than masses and asymmetric densities (67%) (p < 0.05) [39]. A study
which looked specifically at amorphous calcifications, demonstrated
that CAD correctly marked the malignancies 100% of the time (36/36)
and correctly identified 85% of the high-risk lesions [36].

3.2. Sensitivity for distortion

In a retrospective study where architectural distortion (AD) was felt
to be visible by a group of expert breast imagers, application of CAD
yielded 49% sensitivity for one of the CAD software systems and 33%
sensitivity for the second. When CAD was applied only to those cases of
AD which ultimately yielded carcinoma, a similar sensitivity was found
[34]. Another study demonstrated a slightly higher sensitivity for AD of
71% [32]. Interestingly, several studies have demonstrated a higher
sensitivity for invasive lobular carcinoma which frequently presents as
AD. The sensitivity of CAD specifically for invasive lobular carcinoma
ranges from 89 to 100% [33,41–42].

3.3. Sensitivity for malignant masses

Many of the studies break down the detection of malignant masses
into pure masses versus masses with calcifications. The reported sen-
sitivity for malignant masses ranges from 89 to 98% [30–31,33,38,41].
The sensitivity for malignant masses with calcifications ranges from 88
to 100% [30–32,38,41]. When combining several of the available stu-
dies, CAD detected 360/394 malignant masses for a sensitivity of 91%
[30–31,33,38,41]. CAD detected 82/84 malignant calcified masses for a
sensitivity of 98% [30–32,38,41].

4. Performance

Studies evaluating overall performance have demonstrated similarly
mixed results. Cole et al. looked back at cases from the DMIST trial. In
contrast to early studies, they only evaluated digital mammograms. The
study included 300 cases (50% with a cancer diagnosis) to which one of
two CAD systems was applied. While some of the individual readers had
improved AUC with each of the CAD systems, there was no statistically
significant difference for the average between the readers (15 readers
with one type of CAD and 14 readers with the other) [29]. A large study
by Fenton et al., demonstrated decreased accuracy with addition of
CAD. Area under the ROC curve was 0.871 with CAD vs 0.919 without
CAD (p=0.005) [43]. Lehman et al., found similar results in their
study. The area under the ROC went from 0.88 to 0.84 with the addition
of CAD (p= 0.002) [37].

A 2002 study investigated which population of radiologists would
benefit from CAD the most. The study included 12 radiologists (6
mammographers and 6 community radiologists) evaluating an enriched
dataset of 110 cases. Addition of CAD increased AUC from 0.93 to 0.96
(p < 0.001) among all radiologists. Most notably, it negated a pre-
viously statistically significant difference in the sensitivity between the
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two groups of radiologists [44].

5. Recall rate

A disadvantage of CAD is the large number of false positive mark-
ings made by the software. It is rare for a study to have no lesions
marked by CAD. The average number of marks ranges from 1.5–5.1 per
full exam [29,34,36,41]. A major criticism of CAD, therefore, is that the
large number of markings leads to increased recall rates resulting in
increased cost and anxiety for patients. There is mounting evidence
supporting this concern with the majority of the studies showing in-
crease in recall rates with the implementation of CAD. This increase
ranges anywhere from 7.8–19% [20–22,45–50]. One study demon-
strated that the percentage of calcifications recalled increased by 53%,
while the number of masses recalled increased by 12% [45]. However,
a single study which looked at a large practice with 24 academic
radiologists, found that CAD had no significant effect on recall rates, at
the same time this study demonstrated no change in cancer detection
rates with the application of CAD [51].

6. Cancer detection rate

Review of the literature suggests an increased cancer detection rate
(CDR) with the addition of CAD. Published values of this increase in the
CDR range from 0 to 19.5% [25,45–48,50,52,53]. Consistent with the
documented increased sensitivity for calcifications, many studies de-
monstrate an increased detection of DCIS. In their study, Freer et al.
demonstrated that 7/8 additional cancers detected with CAD were DCIS
[45]. Lehman et al. found no difference in the overall or invasive cancer
CDR, nor differences in sensitivity for either invasive cancer or DCIS,
however did find an increase in the CDR of DCIS p < 0.03 [37]. The
lack of difference in sensitivity for DCIS likely stems from increased
number of recall rates for calcifications with the addition of CAD as
noted above. Morton et al. demonstrated an increased overall cancer
detection rate (7.6%), mostly explained by increased detection of DCIS.
In this study 62% (5/8) of additional detected cancers were DCIS [46].
Dean et al. demonstrated a 14.2% increase in the detection of DCIS with
the addition of CAD [50].

Birdwell et al. looked at 115 missed cancers that in retrospect were
detectable as determined by experienced breast imagers. When CAD
was applied to these cases, it marked 86% (30/35) of the missed cal-
cifications and 73% (58/80) of the missed masses [54].

7. Stage at diagnosis

A potential benefit of CAD is that its addition may lead to detection
of earlier stage disease [18,45,47,50]. One study showed that CAD in-
creased detection of stage 0 disease by as much as 42%, and increased
diagnosis of stage I disease by 17% [45]. In 2009 approximately 1 of 9
DCIS diagnoses was attributable to the use of CAD in the Medicare
population (aged 67–89) [55]. In a study of Medicare patients, Fenton
et al. discovered that the addition of CAD increased DCIS incidence
without any change in the incidence of IDC [18]. Furthermore, invasive
cancer found with CAD was more likely to be Stage I/II versus III/IV.
Similarly, although a non-statistically significant increase in cancer
detection rate of invasive carcinomas 1.0 cm and under of 164% was
seen in a study by Cupples et al., the authors demonstrated earlier stage
at diagnosis to be the strongest predictor for earlier age at diagnosis
with utilization of CAD [47]. The latter suggests that, absent CAD
studies demonstrating mortality reduction, this may be a promising
marker for improved screening outcomes with CAD. This appears to be
a benefit of CAD—finding earlier stage disease, which has a greater
likelihood of being treatable.

8. Emerging technologies and future directions

The inherent limitations of standard mammography secondary to
tissue superimposition have been addressed with the development of
digital breast tomosynthesis (DBT), which has proved to significantly
increase the diagnostic accuracy of mammography by decreasing recall
rates and increasing cancer detection rates [56–59]. Due to these added
benefits, DBT is becoming more widespread in its utilization—a recent
2016 survey by the Society of Breast Imaging reports DBT 30% utili-
zation rate in the United States, with higher prevalence in academic
institutions [60]. However, two of the challenges of DBT include in-
creased radiation dose and increased reading time. The former has been
tackled with the creation of synthetic 2D mammograms out of the ac-
quired DBT volume set, which has proved to be non-inferior to FFDM in
its diagnostic accuracy, thus obviating the need for additional radiation
from FFDM [61,62]. The increased volume and number of images with
which a radiologist is faced when reading DBT, however, prolongs
reading time and has the potential to lead to more missed findings due
to reader fatigue [63–65].

Although there are limited large scale studies to date of this pub-
lication, computer-aided detection systems may prove of utility in in-
terpretation of DBT. Active research in this field suggests an improve-
ment in DBT CAD performance compared to that of DM CAD with
sensitivities approaching 93% [66–68], likely secondary to better mass
border depiction and conspicuity on individual tomosynthesis slices as
well as decreased false positive rate of asymmetries resulting from
overlapping tissue. Given this evidence, the first tomosynthesis based
CAD system (iCAD PowerLook®Tomo Detection Software, GE Seno-
claire) received FDA approval in March of 2017 for the detection of
masses, architectural distortions and asymmetries [69]. Unlike tradi-
tional CAD for standard mammography, this tomosynthesis based CAD
system is designed to be used concurrently throughout study inter-
pretation. The software detects suspicious soft tissue densities utilizing
the 3D tomosynthesis planes and highlights these, blending them into a
CAD-enhanced 2D synthetic image. The 2D synthetic image supplies
further navigation information of each of the soft tissue lesions and
their corresponding 3D plane location which allows the radiologist to
quickly review the 3D volume set in order to confirm or dismiss the
finding [70].

Multiple approaches are also currently being investigated for CAD
detection of microcalcifications. This is a more challenging endeavor as
there are mixed observations in the efficacy of DBT itself in identifying
microcalcifications, with some studies demonstrating lower detection
sensitivity and conspicuity, potentially stemming from a large 3D vo-
lume set to be evaluated [71–73]. There is promise of these varied DBT
CAD approaches for detection of microcalcifications. Some techniques
utilize the synthetic mammogram while others use the actual 3D vo-
lume projection images. Still others create a novel planar projection
image generated from a DBT volume containing only the high fre-
quency information filtered specifically for microcalcifications. Recent
studies evaluating the efficacy of these techniques yield CAD sensitiv-
ities ranging from 85 to 90% [74–76]. Further validation was seen in a
2015 multicenter study by Marra et al. which demonstrated 89% sen-
sitivity of DBT CAD combined for all lesion types, including micro-
calcifications in 175 diagnostic and screening mammograms [77].

Finally, recent evidence suggests the potential of addressing one of
the major shortcomings of DBT—increased reading time—by the ad-
dition of CAD. Balleyguier et al. demonstrated statistically significant
reduction of DBT reading time with the addition of CAD system of
23.5% in a small enriched data set of 80 cases [78]. Of note, and re-
affirming prior studies on the added diagnostic accuracy of CAD cited
above, no improvement in diagnostic accuracy was seen with the ad-
dition of CAD. The study demonstrated a non-statistically significant
improved AUC curve for readers without CAD and a further trend to-
ward decreased specificity and increase in false positive rates by the
addition of CAD. Similarly, a larger 2018 study by Benedikt et al.,
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supported by funding from iCAD, demonstrated a 29% reduction in DBT
reading time with the addition of CAD without statistically significant
improvement in diagnostic accuracy [68]. Although CAD for DBT could
be a valuable addition by improving workflow and aiding in calcifica-
tion detection, larger scale studies will be necessary to fully assess the
diagnostic accuracy of tomosynthesis based CAD systems in order to
more scrupulously weigh its clinical benefit.

9. Conclusion

Although some data point to a benefit of CAD in particular subsets
of cases, as demonstrated with its increased CDR for DCIS, suggestion of
earlier stage at diagnosis, and improved diagnostic accuracy for lobular
carcinoma, the overall body of evidence in support of CAD is equivocal
at best and mostly unconvincing. One of the largest studies to date
evaluating the diagnostic accuracy of CAD in nearly half a million
mammograms read by 271 different radiologists failed to find a statis-
tically significant metric of improved performance with the addition of
CAD [37]. Similarly, more recent studies investigating the potential of
CAD in improving reading time of DBT demonstrate no improvement in
reader operating curves by the addition of CAD, including a study
funded by the industry [68,78]. This is largely because CAD's original
purpose was to replicate what radiologists already did well, find the
majority of imaging apparent cancers rather than highlight the imaging
occult [79].

While traditional CAD systems were pre-taught performance algo-
rithms from reader input, the new generation of AI systems have the
ability to constantly integrate new information. This ability may in-
crease the utility of future CAD systems thus encouraging their use by
the medical community. The promise is evident in the burgeoning field
of radiomics, which is based upon the hypothesis that biomedical
images contain more information than is appreciated by the naked eye,
information that reflects underlying pathophysiology and which can be
extracted via quantitative image analyses [80]. This, coupled with the
ability of the new generation of neural networks to learn and adapt
suggest that emerging advanced AI CAD systems should not be dis-
missed and may have a potential for success. As the medical field
continues to incorporate the use of artificial intelligence systems into
practice, the future success of CAD would stem from providing prog-
nostic rather than solely diagnostic support to the radiologist, in es-
sence, serving as a consultant to the imaging consultant.

References

[1] Marmot MG, Altman DG, Cameron DA, et al. The benefits and harms of breast
cancer screening: an independent review. Independent UK Panel on Breast Cancer
Screening. Lancet 2012 Nov 17;380(9855):1778–86.

[2] Broeders M, Moss S, Nystrom L, et al. The impact of mammographic screening on
breast cancer mortality in Europe: a review of observational studies. J Med Screen
2012;19(1):14–25.

[3] Coldman A, Phillips N, Wilson C, et al. Pan-Canadian study of mammography
screening and mortality from breast cancer. J Natl Cancer Inst 2015;107.

[4] Webb ML, Cady B, Michaelson JS, et al. A failure analysis of invasive breast cancer
most deaths from disease occur in women not regularly screened. Cancer Sept 2014
15;120(18):2839–46.

[5] Mushlin AI, Kouides RW, Shapiro DE. Estimating the accuracy of screening mam-
mography: a meta-analysis. Am J Prev Med 1998;14(2):143–53.

[6] Pisano ED, Gastonis C, Hendrick E, et al. Diagnostic performance of digital versus
film mammography for breast cancer screening. N Engl J Med
2005;353(17):1773–83.

[7] Skaane P. Studies comparing screen-film mammography and full-field digital
mammography in breast cancer screening: updated review. Acta Radiol
2009;50:3–14.

[8] Lei J, Yang P, Zhang L, Wang Y, Yang K. Diagnostic accuracy of digital breast to-
mosynthesis versus digital mammography for benign and malignant lesions in
breasts: a meta-analysis. Eur Radiol 2014 Mar;24(3):595–602.

[9] Hoff SR, Samset JH, Abrahamsen AL, et al. Missed and true interval and screen-
detected breast cancers in a population based screening program. Acad Radiol
2011;18:454–60.

[10] Yankaskas BC, Schell MJ, Bird RE, et al. Reassessment of breast cancers missed
during routine screening mammography: a community-based study. Am J
Roentgenol 2001;177:535–41.

[11] Martin JE, Moskowitz M, Milbrath JR. Breast cancer missed by mammography. Am
J Roentgenol 1979;132:737–9.

[12] Bird RE, Wallace TW, Yankaskas BC. Analysis of cancers missed at screening
mammography. Radiology 1992;184:613–7.

[13] FDA US Food and Drug Administration. Medical Devices Available from: https://
www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P970058;
2018, Accessed date: 24 January 2018https://www.accessdata.fda.gov/scripts/
cdrh/cfdocs/cfpma/pma.cfm?start_search=1&sortcolumn=do_desc&PAGENUM=
500&pmanumber=P010038.

[14] Doi K. Computer-aided diagnosis in medical imaging: historical review, current
status and future potential. Comput Med Imaging Graph 2017;31(4):198–211.

[15] Halalli Bhagirathi, Makandar Aziz. Computer Aided Diagnosis - Medical Image
Analysis Techniques, Breast Imaging. In: Kuzmiak Cherie M, editor. IntechOpen
January 17th 2018. https://doi.org/10.5772/intechopen.69792 Available from:
https://www.intechopen.com/books/breast-imaging/computer-aided-diagnosis-
medical-image-analysis-techniques.

[16] Medicare, Medicaid, and SCHIP benefits improvement and protection act of 2000,
HR 5661, §104. https://www.congress.gov/bill/106th-congress/house-bill/5661/
text; 2000, Accessed date: 23 January 2018.

[17] Keen JD, Keen JM, Keen JE. Utilization of computer-aided detection for digital
screening mammography in the United States, 2008 to 2016. 15:1. JACR; 2018. p.
44–8.

[18] Fenton JJ, Xing G, Elmore JG, Bang H, Chen SL, Lindfors KK, et al. Short-term
outcomes of screening mammography using computer-aided detection: a popula-
tion-based study of Medicare enrollees. Ann Intern Med 2013;158:580–7.

[19] American College of Radiology. ACR Practice Parameter for the Performance of
Screening and Diagnostic Mammography. 2018 Available from: https://www.acr.
org/-/media/ACR/Files/Practice-Parameters/Screen-Diag-Mammo.pdf?la=en ,
Accessed date: 25 July 2018.

[20] Thurfjell EL, Lernevall KA, Taube AA. Benefit of independent double reading in a
population-based mammography screening program. Radiology 1994;191:241–4.

[21] Dinnes J, Moss S, Melia J, Blanks R, Song F, Kleijnen J. Effectiveness and cost-
effectiveness of double reading of mammograms in breast cancer screening: find-
ings of a systematic review. The Breast 2001;10:455–63.

[22] Sato M, Kawai M, Nishino Y, Shibuya D, Ohuchi N, Ishibashi T. Cost-effectiveness
analysis for breast cancer screening: double reading versus single+CAD reading.
Breast Cancer. 21. Springer Japan; 2014. p. 532–41.

[23] Posso MC, Puig T, Quintana MJ, Solà-Roca J, Bonfill X. Double versus single reading
of mammograms in a breast cancer screening programme: a cost-consequence
analysis. Eur Radiol 2016;26(9):3262–71.

[24] Posso M, Carles M, Rué M, Puig T, Bonfill X. MEL Consolaro, editor. Cost-effec-
tiveness of double reading versus single reading of mammograms in a breast cancer
screening programme 11(7). PLoS ONE; 2016. p. e0159806. https://doi.org/10.
1371/journal.pone.0159806.

[25] Gilbert FJ, Astley SM, McGee MA, et al. Single reading with computer-aided de-
tection and double reading of screening mammograms in the United Kingdom
National Breast Screening Program. Radiology 2006;241(1):47–53.

[26] Gromet M. Comparison of computer-aided detection to double reading of screening
mammograms: review of 231,221 mammograms. AJR Am J Roentgenol
2008;190(4):854–9.

[27] Georgian-Smith D, Moore RH, Halpern E, et al. Blinded comparison of computer-
aided detection with human second reading in screening mammography. AJR Am J
Roentgenol 2007;189(5):1135–41.

[28] Taylor P, Potts HW. Computer aids and human second reading as interventions in
screening mammography: two systematic reviews to compare effects on cancer
detection and recall rate. Eur J Cancer 2008;44(6):798–807.

[29] Cole EB, Zhang Z, Marques HS, et al. Impact of computer-aided detection systems
on radiologist accuracy with digital mammography. Am J Roentgenol
2014;203(4):909–16.

[30] Yang SK, Moon WK, Cho N, Park JS, Cha JH, Kim SM, et al. Screening mammo-
graphy-detected cancers: sensitivity of a computer-aided detection system applied
to full-field digital mammograms. Radiology 2007;244:104–11. https://doi.org/10.
1148/radiol.2441060756.

[31] Murakami R, Kumita S, Tani H, Yoshida T, Sugizaki K, Kuwako T, et al. Detection of
breast cancer with a computer-aided detection applied to full-field digital mam-
mography. J Digit Imaging 2013;26:768–73.

[32] Sadaf A, Crystal P, Scaranelo A, Helbich T. Performance of computer-aided detec-
tion applied to full-field digital mammography in detection of breast cancers. Eur J
Radiol 2011;77:457–61.

[33] Malich A, Sauner D, Marx C, Facius M, Boehm T, Pfleiderer SO, et al. Influence of
breast lesion size and histologic findings on tumor detection rate of a computer-
aided detection system. Radiology 2003;228:851–6.

[34] Baker JA, Rosen EL, Lo JY, Gimenez EI, Walsh R, Soo MS. Computer-aided detection
(CAD) in screening mammography: sensitivity of commercial CAD systems for de-
tecting architectural distortion. AJR Am J Roentgenol 2003;181:1083–8.

[35] Cole EB, Zhang Z, Marques HS, et al. Assessing the stand-alone sensitivity of
computer-aided detection with cancer cases from the Digital Mammographic
Imaging Screening Trial. AJR Am J Roentgenol 2012;199(3):W392–401.

[36] Scaranelo A, Eiada R, Bukhanov K, et al. Evaluation of breast amorphous calcifi-
cations by a computer-aided detection system in full-field digital mammography. Br
J Radiol 2012 May;85(1013):517–22.

[37] Lehman CD, Wellman RD, Buist DSM, et al. Diagnostic accuracy of digital screening
mammography with and without computer-aided detection. JAMA Intern Med
2015;175(11):1828–37.

[38] Bolivar AV, Gomez SS, Merino P, Alonso-Bartolome P, Garcia EO, Cacho PM, et al.
Computer-aided detection system applied to full-field digital mammograms. Acta

J. Katzen, K. Dodelzon Clinical Imaging 52 (2018) 305–309

308

http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0005
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0005
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0005
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0010
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0010
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0010
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0015
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0015
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0020
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0020
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0020
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0025
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0025
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0030
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0030
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0030
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0035
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0035
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0035
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0040
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0040
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0040
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0045
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0045
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0045
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0050
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0050
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0050
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0055
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0055
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0060
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0060
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P970058
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P970058
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?start_search=1&sortcolumn=do_desc&PAGENUM=500&pmanumber=P010038
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?start_search=1&sortcolumn=do_desc&PAGENUM=500&pmanumber=P010038
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?start_search=1&sortcolumn=do_desc&PAGENUM=500&pmanumber=P010038
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0070
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0070
https://doi.org/10.5772/intechopen.69792
https://www.intechopen.com/books/breast-imaging/computer-aided-diagnosis-medical-image-analysis-techniques
https://www.intechopen.com/books/breast-imaging/computer-aided-diagnosis-medical-image-analysis-techniques
https://www.congress.gov/bill/106th-congress/house-bill/5661/text
https://www.congress.gov/bill/106th-congress/house-bill/5661/text
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0085
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0085
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0085
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0090
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0090
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0090
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/Screen-Diag-Mammo.pdf?la=en
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/Screen-Diag-Mammo.pdf?la=en
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0095
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0095
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0100
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0100
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0100
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0105
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0105
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0105
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0110
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0110
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0110
https://doi.org/10.1371/journal.pone.0159806
https://doi.org/10.1371/journal.pone.0159806
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0120
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0120
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0120
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0125
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0125
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0125
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0130
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0130
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0130
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0135
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0135
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0135
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0140
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0140
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0140
https://doi.org/10.1148/radiol.2441060756
https://doi.org/10.1148/radiol.2441060756
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0150
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0150
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0150
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0155
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0155
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0155
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0160
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0160
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0160
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0165
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0165
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0165
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0170
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0170
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0170
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0175
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0175
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0175
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0180
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0180
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0180
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0185
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0185


Radiol 2010;51:1086–92.
[39] Taplin SH, Rutter CM, Lehman CD. Testing the effect of computer-assisted detection

on interpretive performance in screening mammography. AJR Am J Roentgenol
2006;187(6):1475–82.

[40] Kim SJ, Moon WK, Cho N, Cha JH, Kim SM, Im JG. Computer-aided detection in
full-field digital mammography: sensitivity and reproducibility in serial examina-
tions. Radiology 2008;246:71–80.

[41] Schilling KJ, Hoffmeister JW, Friedmann E, McGinnis R, Holcomb RG. Detection of
breast cancer with full-field digital mammography and computer-aided detection.
AJR Am J Roentgenol 2009;192:337–40. https://doi.org/10.2214/AJR.07.3884.

[42] Evans WP, Warren Burhenne LJ, Laurie L, O'Shaughnessy KF, Castellino RA.
Invasive lobular carcinoma of the breast: mammographic characteristics and com-
puter-aided detection. Radiology 2002;225:182–9.

[43] Fenton JJ, Taplin SH, Carney PA, Abraham L, Sickles EA, D'Orsi C, et al. Influence of
computer-aided detection on performance of screening mammography. N Engl J
Med 2007;356:1399–409.

[44] Huo Z, Giger ML, Vyborny CJ, Metz CE. Breast cancer: effectiveness of computer-
aided diagnosis—observer study with independent database of mammograms.
Radiology 2002;224:560–8.

[45] Freer TW, Ulissey MJ. Screening mammography with computer-aided detection:
prospective study of 12,860 patients in a community breast center. Radiology
2001;220:781–6.

[46] Morton MJ, Whaley DH, Brandt KR, Amrami KK. Screening mammograms: inter-
pretation with computer-aided detection—prospective evaluation. Radiology
2006;239:375–83.

[47] Cupples TE, Cunningham JE, Reynolds JC. Impact of computer-aided detection in a
regional screening mammography program. Am J Roentgenol 2005;185(4):944–50.

[48] Birdwell RL, Bandodkar P, Ikeda DM. Computer-aided detection with screening
mammography in a university hospital setting. Radiology 2005;236:451–7.

[49] Ko JM, Nicholas MJ, Mendel JB, Slanetz PJ. Prospective assessment of computer-
aided detection in interpretation of screening mammography. AJR Am J Roentgenol
2006;187:1483–91.

[50] Dean JC, Ilvento CC. Improved cancer detection using computer-aided detection
with diagnostic and screening mammography: prospective study of 104 cancers.
AJR Am J Roentgenol 2006;187:20–8.

[51] Gur D, Sumkin JH, Rockette HE, Ganott M, Hakim C, Hardesty L, et al. Changes in
breast cancer detection and mammography recall rates after the introduction of a
computer-aided detection system. J Natl Cancer Inst 2004;96(3):185–90.

[52] Brancato B, Houssami N, Francesca D, Bianchi S, Risso G, Catarzi S, et al. Does
computer-aided detection (CAD) contribute to the performance of digital mam-
mography in a self-referred population? Breast Cancer Res Treat 2008;111:373–6.

[53] Cho KR, Seo BK, Woo OH, et al. Breast cancer detection in a screening population:
comparison of digital mammography, computer-aided detection applied to digital
mammography and breast ultrasound. J Breast Cancer 2016. Sep;19(3):316–23.

[54] Birdwell RL, Ikeda DM, O'Shaughnessy KF, Sickles EA. Mammographic character-
istics of 115 missed cancers later detected with screening mammography and the
potential utility of computer-aided detection. Radiology 2001;219:192–202.

[55] Fenton JJ, Lee CI, Xing G, et al. Computer-aided detection in mammography
downstream effect on diagnostic testing, ductal carcinoma in situ treatment, and
costs. JAMA Intern Med 2014;174(12):2032–4.

[56] Rafferty EA, et al. Diagnostic accuracy and recall rates for digital mammography
and digital mammography combined with one-view and two-view tomosynthesis:
results of an enriched reader study. AJR Am J Roentgenol 2014;202(2):273–81.

[57] Skaane P, Bandos AI, Gullien R, et al. Comparison of digital mammography alone
and digital mammography plus tomosynthesis in a population-based screening
program. Radiology 2013;267(1):47–56.

[58] Rafferty EA, Park JM, Philpotts LE, et al. Assessing radiologist performance using
combined digital mammography and breast tomosynthesis compared with digital
mammography alone: results of a multicenter, multireader trial. Radiology
2013;266(1):104–13.

[59] McDonald ES, McCarthy AM, Akhtar AL, et al. Baseline screening mammography:
performance of full-field digital mammography versus digital breast tomosynthesis.
Am J Roentgenol 2015;205(5):1143–8.

[60] Hardesty LA, Kreidler SM, Glueck DH. Digital breast tomosynthesis utilization in the
United States: a survey of physician members of the society of breast imaging. JACR
2016;13(11):R67–73.

[61] Svah TM, Houssami N, Sechopoulos I, et al. Review of radiation dose estimates in
digital breast tomosynthesis relative to two-view full-field digital mammography.
The Breast 2015;24:93–9.

[62] Gur D, Zuley ML, Anello MI, et al. Dose reduction in digital breast tomosynthesis
(DBT) screening using synthetically reconstructed projection images: an observer
performance study. Acad Radiol 2012;19(2):166–71.

[63] Dang PA, Freer PE, Humphrey KL, Halpern EF, Rafferty EA. Addition of tomo-
synthesis to conventional digital mammography: effect on image interpretation
time of screening examinations. Radiology 2014;270(1):49–56.

[64] Bernardi D, Ciatto S, Pellegrini M, et al. Application of breast tomosynthesis in
screening: incremental effect on mammography acquisition and reading time. Br J
Radiol 2012;85(1020):e1174–8.

[65] Caumo F, Zorzi M, Brunelli S, et al. Digital breast tomosynthesis with synthesized
two-dimensional images versus full-field digital mammography for population
screening: outcomes from the Verona screening program. Radiology
2018;287(1):37–46 (ahead of print, accessed on 2/7/2018).

[66] Chan HP, Wei J, Zhang Y, et al. Computer-aided detection of masses in digital to-
mosynthesis mammography: comparison of three approaches. Med Phys
2008;35(9):4087–95.

[67] Chan HP, Wei J, Sahiner B, et al. Computer-aided detection system for breast masses
on digital tomosynthesis mammograms: preliminary experience. Radiology
2005;237(3):1075–80.

[68] Benedikt RA, Boatsman JE, Swann CA, et al. Concurrent computer-aided detection
improves reading time of digital breast tomosynthesis and maintains interpretation
performance in a multireader multicase study. AJR 2018;210:685–97.

[69] US Food and Drug Administration. https://www.accessdata.fda.gov/scripts/cdrh/
cfdocs/cfpma/pma.cfm?ID=380594, Accessed date: 7 February 2018.

[70] iCAD White Paper. http://www.icadmed.com/assets/dmm232-pivotal-concurrent-
cad-studies-rev-a.pdf, Accessed date: 8 February 2018.

[71] Spangler ML, Zuley ML, Sumkin JH, Abrams G, Ganott MA, Hakim C, et al.
Detection and classification of calcifications on digital breast tomosynthesis and 2D
digital mammography: a comparison. Am J Roentgenol 2011;196:320–4.

[72] Poplack SP, Tosteson TD, Kogel CA, Nagy HM. Digital breast tomosynthesis: initial
experience in 98 women with abnormal digital screening mammography. Am J
Roentgenol 2007;189:616–23.

[73] Kopans D, Gavenonis S, Halpern E, Moore R. Calcifications in the breast and digital
breast tomosynthesis. Breast J 2011;17:638–44.

[74] Wei J, Chan HP, Hadjiiski LM, Helvie MA, Lu Y, Zhou C, et al. Multichannel re-
sponse analysis on 2D projection views for detection of clustered microcalcifications
in digital breast tomosynthesis. Med Phys 2014;41:041913.

[75] Sahiner B, Chan HP, Hadjiiski LM, Helvie MA, Wei J, Zhou C, et al. Computer-aided
detection of clustered microcalcifications in digital breast tomosynthesis: a 3D ap-
proach. Med Phys 2012;39:28–39.

[76] Samala RK, Chan HP, Hadjiski LM, et al. Analysis of computer-aided detection
techniques and signal characteristics for clustered microcalcifications on digital
mammography and digital breast tomosynthesis. Phys Med Biol 2016;61:7092–112.

[77] Morra L, Sacchetto D, Duirando M, et al. Breast cancer: computer-aided detection
with digital breast tomosynthesis. Radiology 2015;277(1):56–63.

[78] Balleyguier C, Arfi-Rouche J, Levy L, et al. Improving digital breast tomosynthesis
reading time: a pilot multi-reader, multi-case study using concurrent Computer-
Aided Detection (CAD). Eur J Radiol 2017 Dec;97:83–9.

[79] Kohli A, Jha S. Why CAD failed in mammography. JACR Mar 2018;15(3B):535–7.
[80] Gillies Robert J, Kinahan Paul E, Hricak Hedvig. Radiomics: images are more than

pictures, they are data. Radiology Feb 2016;278(2):563–77.

J. Katzen, K. Dodelzon Clinical Imaging 52 (2018) 305–309

309

http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0185
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0190
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0190
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0190
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0195
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0195
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0195
https://doi.org/10.2214/AJR.07.3884
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0205
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0205
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0205
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0210
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0210
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0210
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0215
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0215
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0215
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0220
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0220
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0220
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0225
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0225
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0225
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0230
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0230
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0235
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0235
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0240
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0240
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0240
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0245
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0245
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0245
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0250
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0250
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0250
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0255
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0255
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0255
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0260
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0260
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0260
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0265
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0265
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0265
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0270
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0270
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0270
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0275
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0275
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0275
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0280
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0280
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0280
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0285
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0285
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0285
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0285
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0290
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0290
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0290
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0295
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0295
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0295
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0300
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0300
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0300
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0305
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0305
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0305
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0310
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0310
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0310
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0315
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0315
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0315
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0320
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0320
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0320
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0320
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0325
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0325
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0325
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0330
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0330
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0330
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0335
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0335
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0335
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?ID=380594
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?ID=380594
http://www.icadmed.com/assets/dmm232-pivotal-concurrent-cad-studies-rev-a.pdf
http://www.icadmed.com/assets/dmm232-pivotal-concurrent-cad-studies-rev-a.pdf
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0350
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0350
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0350
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0355
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0355
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0355
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0360
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0360
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0365
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0365
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0365
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0370
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0370
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0370
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0375
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0375
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0375
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0380
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0380
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0385
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0385
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0385
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0390
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0395
http://refhub.elsevier.com/S0899-7071(18)30234-1/rf0395

	A review of computer aided detection in mammography
	Introduction
	Single reader with CAD versus double reader
	Sensitivity
	Sensitivity for calcifications
	Sensitivity for distortion
	Sensitivity for malignant masses

	Performance
	Recall rate
	Cancer detection rate
	Stage at diagnosis
	Emerging technologies and future directions
	Conclusion
	References




