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Abstract. The aim of this study was to investigate the diagnostic performance of radiological technologists (RTs)
in the detection of malignant microcalcifications and to evaluate how much computer-aided detection (CADe)
improved their performances compared with those by expert breast radiologists (BRs). Six board-certified breast
RTs and four board-certified BRs participated in a free-response receiver operating characteristic observer
study. The dataset consisted of 75 cases (25 malignant, 25 benign, and 25 normal cases) of digital mammo-
grams, selected from the digital database for screening mammography provided by the University of South
Florida. Average figure of merit (FOM) of the RTs’ performances was statistically analyzed using jack-knife
free-response receiver operating characteristic and compared with that of expert BRs. The detection perfor-
mance of RTs was significantly improved by using CADe; average sensitivity was increased from 46.7% to
56.7%, with a decrease in the average number of false positives per case from 0.19 to 0.13. Detection accuracy
of an average FOMwas improved from 0.680 to 0.816 (p ¼ 0.001) and the difference in FOMs between RTs and
radiologists failed to reach statistical significance. RTs’ performances for the identification of malignant micro-
calcifications on digital mammography were sufficiently high and comparable to those of radiologists by using
CADe. © 2015 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JMI.2.2.024505]
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1 Introduction
Breast cancer is one of the most common cancers worldwide. It
has risen to first place among all cancers and was the fifth most
common cause of cancer-related deaths in Japanese women in
2012.1 For the early detection of breast cancer, the effectiveness
of screening mammography (MMG) has been demonstrated
by many research groups.2,3 Although the incidence of breast
cancer has continued to increase, some countries have success-
fully reduced breast cancer mortality.4,5 Therefore, screening
MMG is regarded as an important public health priority.

On the basis of the results of these studies, breast cancer
screening using MMG was endorsed in 2000 for women aged
over 50 years and in 2004 for those aged over 40 years in Japan.
The Ministry of Health, Labor, and Welfare (MHLW) has
recommended breast screening programs aiming at a screening
rate of 50%. The number of women being screened has consis-
tently risen since 2004.1 However, a shortage of radiologists
has become a major concern in screening MMG.

In order to resolve this problem, the use of computer-aided
detection (CADe) and/or reporting by radiological technologists
(RTs) as a second opinion for radiologists’ readings has been

investigated. Since many research groups have demonstrated
the clinical usefulness of various CADe systems for radiolog-
ists’ readings of digital mammograms,6,7 CADe is accepted as
the standard of care in the US and is used in ∼75% of screening
exams.8,9 On the other hand, “reporting by RTs” has been rec-
ommended as another approach to aid radiologists’ readings in
several countries.10 Reporting by RTs has already been tried and
tested, mainly in the UK,11,12 and several studies have confirmed
the benefits of radiographers’ reporting for screening mammo-
grams, including cost-effectiveness benefits.13,14 Meanwhile, in
Japan, reporting by RTs was recommended in 2012 by the
MHLW.15 It was asserted that utilization of RTs’ reporting
should be promoted as an aid to radiologists’ readings as team
approach medicine. However, practical utilization of the report-
ing by RTs has not been established because of variation of
RTs’ reading skills and insufficient evaluation of the diagnostic
accuracy provided by using reporting by RTs.

In this study, the primary aim was to investigate the
diagnostic performance of RTs for the detection of malignant
microcalcifications by using a free-response receiver operating
characteristic (FROC) observer study. In addition, we also
evaluated how much the CADe improved RTs’ performances
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compared with those obtained from expert breast radiologists
(BRs). To our knowledge, there are no reports on the clinical
usefulness of a CADe system for RTs’ readings.

2 Materials and Methods

2.1 FROC Dataset

All of the digital mammograms used in this study were sampled
from the digital database for screening mammography (DDSM)
provided by the University of South Florida.16 The database was
provided to facilitate development of computer algorithms to
aid in the diagnosis and the development of teaching or training
aids, and the current version involves ∼2500 studies. Each case
includes craniocaudal (CC) and mediolateral oblique (MLO)
views of each breast, along with some associated patient infor-
mation [age at the time of study, American College of Radiology
(ACR) breast density rating, subtlety rating for abnormalities,
assessment defined by breast imaging reporting and data system
(BIRADS),17 and ACR keyword description of abnormalities]
and “ground truth” information about the locations and types
of suspicious regions. The lesion type, assessment, and subtlety
were specified by an experienced radiologist. Similarly, the
outlines for the suspicious regions were derived from markings
made on the film by an experienced radiologist.

The database consists of digitized screen film mammograms,
while in current clinical practice, full-field digital mammogra-
phy (FFDM) has become the standard of care. Therefore, case
samples were carefully selected by taking into account the
image quality of the mammograms. For instance, the mammo-
grams of patients with extremely high-density breast were
excluded from FROC dataset, because few microcalcifications
represent any visible signs in digitized screen film mammo-
grams of those patients.

The selection process is as follows. First, the digital mammo-
grams of patients with mass were excluded to focus on an
evaluation of observers’ performances for the detection of
microcalcifications. Second, the following case samples were
excluded: extremely high-density breast, extremely fatty breast,
postoperative deformed breast, breast with diffusely distributed
microcalcifications, and deficit breast, to avoid sample cases
extremely easy/difficult to detect microcalcifications. The dig-
ital mammograms of patients with malignant/benign microcal-
cifications scattered over 20 mm in diameter were also excluded
from the case samples to ensure location accuracy in the FROC
observer study. In addition, mammograms obtained with bad
positioning, with insufficient image quality, or with wrong
marks were excluded. In the results, 66 cases with microcalci-
fications (36 malignant and 30 benign) and 136 normal cases
remained as candidates for FROC data set. The selection was
performed by two board-certified RTs who read mammograms
in daily clinical practice. These two individuals did not partici-
pate in our observer study as observers.

The number of cases included in the dataset was set to be 75,
consisting of 50 digital mammograms with microcalcifications
(25 malignant and 25 benign) and 25 normal cases in consid-
eration of the observers’ workload. Another five cases (two
malignant, one benign, and two normal) were also selected for
training. The composition ratio (malignant:benign:normal =
1:1:1) was determined by taking into account the reading time
for the observer study.

In order to keep stratified sampling fashion for the observer
study,18 all case samples were selected based on the subtlety

rating for abnormalities provided by the DDSM. The subtlety
rating was defined on a scale of 1 to 5, where 1 was “subtle”
and 5 was “obvious.” The case samples included several chal-
lenging cancers that were nevertheless correctly detected by
skilled readers. A number of cases in each subtlety rating were
determined based on stratified sampling19 in order to have case
samples with a range of difficulties likely to produce a normal
distribution in the results. Table 1 shows the number of cases in
each subtlety. The normal cases were selected to match the
malignant cases in terms of the age distribution.

2.2 CADe System

A computer aid was used in this observer study for the detection
of clustered malignant microcalcifications. The computerized
scheme for such detection in this study was developed based
on multiresolution analysis using a filter bank and the
Hessian matrix. The CADe system was trained to differentiate
malignant microcalcifications from benign ones and only the
former findings were finally output. Details of this CADe sys-
tem have been reported previously.20,21 The detection accuracy
of this CADe system to detect malignant microcalcifications for
the 75 cases was 100% sensitivity, with an average number of
false positives (FPs) of 1.43 per case, which is almost equivalent
to that of commercially available CADe systems.22,23 By con-
trast, 10 out of 25 benign microcalcifications were incorrectly
detected as malignant ones and counted as FPs. The CADe sys-
tem was designed to provide marks on digital mammograms
based on resulting information, such as the center of the location
and the effective radius of the detected microcalcifications.

2.3 Observer Study

Six board-certified RTs and four BRs participated in the FROC
observer study for the detection of malignant microcalcifica-
tions. We employed FROC analysis because conventional
receiver operating characteristic (ROC) analysis has limitations
for this kind of evaluation (i.e., only one signal can be used per
case and the location of the signal cannot be taken into account
in the evaluation).24 In the FROC procedure, the observer deter-
mined the locations and confidence levels for possible malignant
lesions (i.e., clustered microcalcifications) on any of four views
of digital mammograms. In addition, the observer could leave
a case without any marks if the observer believed that there
was no lesion at all.

Digital mammograms were displayed on a high-resolution
liquid crystal display (LCD) for MMG (Nio 5M, BARCO).
In order to minimize reading-order effects, the viewing order
of the 75 case samples was randomized.25,26 The case samples
were observed by using a publicly available computer interface
(ROC Viewer ver. 11.4.0.3, developed by the Japanese Society
of Radiological Technology).27 It allows the observer to

Table 1 Number of cases in each subtlety.

Total

Subtle Subtlety Obvious

1 2 3 4 5

Malignant 25 1 5 12 5 2

Benign 25 1 2 15 6 1
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determine the location and confidence level from 0.0 to 1.0 for
the lesion candidate just by clicking on each of four views of
mammograms. Figure 1 shows the computer interface of the
ROC Viewer and a rating window for the FROC observer
study. In this FROC observer study, the rating scale for the con-
fidence level was related to the BIRADS assessment, such that
0.00, 0.33, 0.66, and 1.00 correspond to assessments 2 (benign
finding), 3 (probably benign), 4 (suspicious abnormality), and 5
(highly suggestive of malignancy), respectively. Therefore, the
observers might detect benign microcalcifications with a low
confidence level less than 0.33.

2.4 Instruction of the Observer Study

A training session with five mammograms was conducted for
each observer to allow them to familiarize themselves with
the reading process. The training cases were not included in
the 75 mammograms in the test dataset. Before the training and
testing sessions, observers were instructed as follows: There are
5 training cases and 75 test cases. When the observer found
microcalcifications, he/she categorized it to a BIRADS assess-
ment as usual, and then translated it to a rating score in his/her
mind as mentioned above. Therefore, no BIRADS assessment is
directly given by the observer. Each case was read without
CADe and then read with CADe. The observer is expected
to read and rate (interpret) clustered microcalcifications ranked
above “assessment 2” in our sequential test. They were told that
the computer’s accuracy was nearly 100% sensitivity for malig-
nant microcalcifications involved in the study cases.

Each observer independently reviewed all mammograms
with no limits on the reading time and the distance between
the observer and the LCD monitor. Gradation change and zoom-
ing were allowed. The observers provided written informed
consent prior to study participation.

2.5 Determination of true positive or FP

In this study, malignant cases were considered to be positive,
whereas benign and normal cases were considered to be nega-
tive. A malignant lesion marked by an observer was considered
to be true positive (TP) when the distance from the central

location of the ground truth to the lesion was <20 mm.
When a malignant lesion could be identified on two views
(CC and MLO), it was considered as a TP if it is identified
by at least one mark on either view indicating the correct loca-
tion. If a lesion was identified correctly on both views, a higher
rating was selected. All other marks not regarded as TP were
considered to be FP. Namely, a benign lesion marked by an
observer was counted as FP. “Ground truth information”
included in DDSM was used as ground truth.

2.6 Data Analysis

A FROC curve for an individual observer was calculated by
varying a threshold confidence level from 1.0 to 0.0, and
then all FROC curves were averaged over all observers without
and with CADe. The average sensitivity and FPs per case were
estimated by using a threshold confidence level of 0.33, which
corresponded to BIRADS category 3 (probably benign). Since
the observers might detect benign microcalcifications in this
FROC study, those findings with a low confidence level <0.33
were not counted as FPs. In other words, some positive findings
were not contributed for the sensitivity when the confidence
levels for such findings were <0.33.

Statistical analysis was performed using jack-knife free-
response ROC (JAFROC) analysis to detect a statistically
significant difference between the RTs’ detection performance
without and with CADe (JAFROC ver. 4.2, Chakraborty DP,
Pittsburg).28–30 Figure of merit (FOM) was calculated as a
measure of diagnostic accuracy for the detection of malignant
microcalcifications and was statistically analyzed by JAFROC
analysis 1 (random readers and random cases) with a two-tailed
test (p ¼ 0.05). For the comparison of detection performances
between RTs and radiologists, the 95% confidence interval (CI)
of the average FOM value was used. Because the numbers of
observers were different for the two groups of RTs and BRs,
the effective numbers of degrees of freedom for calculating
95% CI were obtained by using Welch–Satterthwaite equation.

In addition to the evaluations of FOM, sensitivity, and
numbers of TP and FP, the effect of CADe on the image inter-
pretation of each case was also investigated for both RTs
and radiologists. The results of RTs were also compared with

Fig. 1 Screen shot of receiver operating characteristic viewer and relationship between breast imaging
reporting and data system (BIRADS) assessment and confidence level in our observer study. The con-
fidence levels of 0.0 and 1.0 are equivalent to BIRADS assessments 2 and 5, respectively. The con-
fidence levels between 0.0 and 1.0 linearly correspond to those between assessments 2 and 5, for
example, the confidence level of 0.5 is equivalent to assessment 3.5.
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those of radiologists in terms of the beneficial and detrimental
effects by CADe. The beneficial effect of CADe includes detec-
tion of missed cancer and/or improved confidence level for
the detected cancer and decrease in the number of FPs and/or
decreased confidence level for FPs, whereas the detrimental
effect of CADe includes detection errors and/or lowered confi-
dence level for the detected cancer and increase in the number of
FPs and/or increased confidence level for FPs.

3 Results

3.1 Detection Performance of RTs Without and
With CADe

The detection performances of RTs were significantly improved
by the use of CADe. Table 2 shows the sensitivity and the num-
bers of FPs of RTs for the detection of malignant microcalcifi-
cations with and without CADe. For RTwithout CADe, average
sensitivity was 46.7%, with an average number of FPs of 0.19
per case. For RT with CADe, average sensitivity increased to
56.7% and the average number of FPs decreased to 0.13.
Average FOM value was 0.680 for RTs without CADe and
0.816 for those with CADe (Table 3). This difference in FOM
value was statistically significant (p < 0.001) according to the
JAFROC analysis.

For radiologists without and with CADe, average sensitivity
also increased from 50.0% to 56.0%, and the average number of
FPs decreased from 0.30 to 0.24, as shown in Table 4. Average
FOM value was also improved significantly by using CADe,
from 0.671 to 0.798 (p ¼ 0.023) (Table 5).

Figure 2 shows the average FROC curves of RTs and radi-
ologists, with and without CADe, respectively. The results
indicated that CADe improved the detection performance of
RTs as well as that of radiologists.

For cases both without and with CADe, the average FOM
values of four radiologists were included in the 95% CI of
the average FOM values of six RTs. In the same way, the aver-
age FOM values of six RTs were included in the 95% CI of the
average FOM values of four radiologists. In addition, average
differences in FOMs for the detection of clustered malignant
microcalcifications between RTs and radiologists without and
with CADe were 0.0083 and 0.0178 with 95% CIs of
(−0.0583, 0.0748) and (−0.0503, 0.0860), respectively.

Figure 3 indicated the relationship between average confi-
dence levels for all malignant microcalcifications obtained by
six RTs and four radiologists without and with CADe. As
shown in the figure, the correlation between the confidence
levels of RTs and radiologists became higher when the CADe
output was provided. The correlation coefficient between the
confidence levels of RTs and radiologists became increased
from 0.76 to 0.90 when the CADe output was provided.

3.2 Beneficial and Detrimental Cases in RTs’
Performance with CADe

Computer aids were beneficial to reduce the number of missed
malignant microcalcifications. Some RTs could newly identify
malignant microcalcifications in 16 out of 25 malignant cases
(12/25 in radiologists) by using CADe. Figure 4 shows a sample
case with malignant microcalcifications on the pectoralis major
muscle (in a 62-year-old woman). Except for one RT, all other
RTs missed the finding without CADe because of its unexpected
location. Two more RTs could identify it by using CADe,
although CADe detected it only on the MLO view. Figure 5
shows a sample case with malignant microcalcifications located

Table 2 Sensitivity and number of false positives (FPs) of six radiological technologists (RTs) for the detection of clustered malignant micro-
calcifications with/without computer-aided detection (CADe).

Sensitivity (%)

⊿Sensitivity (%)

FP (/case)

⊿FP (/case) Experience yearsWithout CADe With CADe Without CADe With CADe

RT01 64.0 64.0 0.0 0.33 0.15 −0.18 10

RT02 64.0 64.0 0.0 0.19 0.19 0.00 11

RT03 24.0 44.0 20.0 0.03 0.04 0.01 20

RT04 32.0 36.0 4.0 0.05 0.03 −0.02 3

RT05 40.0 52.0 12.0 0.15 0.16 0.01 6

RT06 56.0 80.0 24.0 0.37 0.20 −0.17 5

Average (SD) 46.7" 17.1 56.7" 15.9 10.0" 10.4 0.19" 0.14 0.13" 0.07 −0.06" 0.09 10

Table 3 Figure of merit (FOM) of six RTs for the detection of clus-
tered malignant microcalcifications with/without CADe (CI: confidence
interval).

Without CADe With CADe

RT01 0.682 0.832

RT02 0.724 0.845

RT03 0.636 0.775

RT04 0.688 0.807

RT05 0.679 0.749

RT06 0.668 0.887

Average (SD)
95% CI

0.680" 0.012
(0.65, 0.71)

0.816" 0.020
(0.76, 0.87)
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in a dense mammary lesion (in a 75-year-old woman). Two out
of six RTs missed the finding, but all RTs could identify it by
using CADe. Figure 6 is another sample case with subtle malig-
nant microcalcifications because of high breast density (in an
85-year-old woman). Four out of six RTs missed it in the initial
findings without CADe, but three out of these four could iden-
tify it by using CADe, and one out of two RTs who found
it without CADe missed it by using CADe.

CADe was also useful for RTs to improve the interpreta-
tion accuracy of malignant microcalcifications. Note that the

interpretation accuracy was defined as increased confidence
levels for malignant cases and/or decreased confidence levels
for benign cases. In the malignant cases, there was a significant
improvement in the average confidence levels of six RTs
between with and without CADe (p < 0.05). Especially, average
confidence levels of RTs for six malignant cases were increased
by using CADe more than 0.33, whereas only one case was
increased in the interpretations by four radiologists. On the
other hand, some RTs changed confidence levels to less than
0.33 (assessment 2 or 1) by referring to CADe outcomes in
10 out of 25 benign cases (10/25 in radiologists), after giving
initial confidence levels equal to or higher than 0.33 (assessment
3) without CADe. In the results, the average number of benign
microcalcifications detected by the observers was decreased
from 5.7 to 5.0 in RTs and from 9.5 to 6.5 in radiologists,
respectively.

CADe sometimes lowered the assessment of malignant
microcalcifications and/or even led missed malignant microcal-
cifications. The detrimental effects were found in 4 out of 25
malignant cases in RTs and in 7 out of 25 malignant cases in
radiologists. Figure 7 shows a sample case with malignant

Table 4 Sensitivity and numbers of FPs of four radiologists for the detection of clustered malignant microcalcifications with/without CADe.

Sensitivity (%)

⊿Sensitivity (%)

FP (/case)

⊿FP (/case) Experience yearsWithout CADe With CADe Without CADe With CADe

BR01 56.0 59.0 3.0 0.39 0.37 −0.02 14

BR02 60.0 68.0 8.0 0.45 0.33 −0.12 4

BR03 44.0 56.0 12.0 0.24 0.09 −0.16 14

BR04 40.0 40.0 0.0 0.13 0.15 −0.02 11

Average (SD) 50.0" 9.5 56.0" 11.7 5.8" 5.3 0.30" 0.14 0.24" 0.14 −0.07" 0.08 11

Table 5 Figure of merit (FOM) of four radiologists for the detection of
clustered malignant microcalcifications with/without CADe (CI: confi-
dence interval).

Without CADe With CADe

BR01 0.732 0.766

BR02 0.660 0.858

BR03 0.636 0.784

BR04 0.657 0.784

Average (SD)
95% CI

0.671" 0.021
(0.60, 0.74)

0.798" 0.021
(0.73, 0.86)

Fig. 2 Average free-response receiver operating characteristic
curves of radiological technologists (RTs) and breast radiologists
(BRs) with and without computer-aided detection (CADe).

Fig. 3 The relationship between average confidence levels for all
malignant microcalcifications obtained by six RTs and four radiolog-
ists without and with CADe.
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microcalcifications in the right breast (in a 59-year-old woman).
Three out of six RTs identified it in the initial findings without
CADe, but two out of these three removed the mark and another
decreased her confidence level in half by using CADe.
Furthermore, CADe provided 18 more FPs in six RTs (average
3.0) and 11 more FPs in four radiologists (average 2.8) by refer-
ring to CADe, although the number of FPs/case as shown in
previous Sec. 3.1. Figure 8 is a sample case with benign micro-
calcifications in the right breast (in a 79-year-old woman). The
number of FPs was especially increased in such a case where
CADe provided multiple incorrect detections.

4 Discussion
Several research groups have reported the clinical effectiveness
of various CADs for radiologists’ readings of digital mammo-
grams.6–9 In this study, we found that the detection performance
of RTs was significantly improved by the use of CADe, regard-
less of their number of years of experience. The observers could
find missed lesions and exclude FP ones by referring to CADe
outcomes. The increased sensitivity and decreased number of
FPs indicate a reduction both in detection errors and interpreta-
tion errors. In addition, CADe significantly improved the con-
fidence levels in the detection of malignant microcalcifications,

Fig. 4 Beneficial case 1 (malignant microcalcifications, a 62-year-old woman). Solid circle indicates
CADe outcome and solid squares indicate the local areas of enlarged views. Numbers of observers
correctly identifying the finding: one BR and one RT without CADe, and two BRs and three RTs with
CADe.

Fig. 5 Beneficial case 2 (malignant microcalcifications, a 75-year-old woman). Solid circles indicate
CADe outcomes and solid squares indicate the local areas of enlarged views. Numbers of observers
correctly identifying the finding: three BRs and four RTs without CADe, and three BRs and six RTs
with CADe.
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resulting in increased detection accuracy of malignant microcal-
cifications by RTs. We also confirmed that the correlation
between the confidence levels of RTs and radiologists became
higher when the CADe output was provided. Therefore, it could
be assumed that RTs’ detection performances become close to
those obtained by radiologists by using CADe. These results
indicate that CADe is useful for RTs as well as for radiologists.

However, we also confirmed several detrimental effects in
the RTs’ reading with CADe. The detrimental effect of CADe
was generally observed as detection errors and/or lowered con-
fidence level of malignant microcalcifications (type II error) and
an increase in the number of FPs (type I error). In the case shown
in Fig. 7, CADe indicated malignant microcalcifications only on
one of the views (CC). Some RTs might be confused by the

CADe outcomes, resulting in detection errors and/or lowered
confidence level of malignant microcalcifications. On the
other hand, in this study, the detection performance obtained
by RTs was relatively low in a single reading, whereas an equiv-
alent performance was obtained from four radiologists. First,
we need to account for this in terms of difficulty of the dataset
for the observer study. The database consisted mostly of cases of
less than “subtlety 3,” that is, subtle findings, and contained six
challenging cases, namely, “subtlety 1” or “subtlety 2.” These
challenging cases were mostly missed and thought to have
been a major factor that lowered the detection performance
of the original single reading.

The difference in the detection performance between RTs
and radiologists failed to reach statistical significance. This is

Fig. 6 Beneficial case 3 (malignant microcalcifications, an 85-year-old woman). Solid circles indicate
CADe outcomes and solid squares indicate the local areas of enlarged views. Numbers of observers
correctly identifying the finding: zero BR and two RTs without CADe, and three BRs and four RTs
with CADe.

Fig. 7 Detrimental case 1 (malignant microcalcifications, a 59-year-old woman). Solid circles indicate
CADe outcomes and solid squares indicate the local areas of enlarged views. Numbers of observers
incorrectly identifying the finding: one BR and three RTs without CADe, and one BR and one RT
with CADe.
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because the observers were asked to find benign and malignant
microcalcifications, which supported the finding that RTs were
as competent as radiologists in the detection of certain find-
ings.31 In fact, Japanese board-certified breast RTs are well
trained because it is mandatory for them to take certain courses
and to pass written, reading and practical exams, which must be
retaken every five years. In addition, the RTs are actually read-
ing mammograms to provide supporting data for radiologists’
readings in daily clinical practice.

When conventional FROC study by a normal rating method
was used, the detection performance of observers could not
be assessed considering whether identifications are benign or
malignant. In the FROC observer study, we used a practical rat-
ing method, which was directly correlated to the “assessment”
value utilized in BIRADS assessment. This rating method
enabled us to evaluate the performance of observers in relation
to the confidence in the detection of malignancy of microcalci-
fications. Therefore, we did not have any numerical correction
and normalization on confidence levels obtained in the observer
study.

However, there were several limitations in the present study.
First, the number of FPs in benign cases might have a major
effect of reducing FOMs. The FPs in radiologists were mainly
benign microcalcifications, while those in RTs were lesions
other than benign microcalcifications. The larger number of
FPs counted in benign microcalcifications is thought to be
one of the factors to lower FOMs in radiologists compared to
those in RTs. This might be one limitation of our FROC
study which allowed the observers to detect benign microcalci-
fications even if they believed they were probably benign.
Second, for the comparison of detection performances between
RTs and radiologists, the 95% CI of the average FOM value was
used. The detection performance between RTs and radiologists
failed to reach a statistically significant difference. However, to
confirm no statistical significant difference, noninferiority
analysis would be performed in the future. Although we calcu-
lated 95% CIs for the difference in FOMs between RTs and
radiologists, we could not demonstrate an equivalency in
terms of diagnostic accuracy for both RTs and radiologists,

because we could not have, at present, a certain value of equiv-
alence margin which was required for demonstrating the equiv-
alency by using a noninferiority test.32 Finally, the observers
were asked to read digitized screen film mammograms instead
of FFDM mammograms, which are the standard of care in the
current clinical practice. The limited type of abnormality, malig-
nant microcalcifications, is another issue to consider. In order to
confirm an adequate diagnostic performance of RTs in clinical
situations, further studies based on noninferiority analysis are
required to expand the type of abnormalities, such as mass and
distortion, on FFDM mammograms.

5 Conclusions
The diagnostic performance of RTs for the detection of malig-
nant microcalcifications on mammograms was sufficiently high
and improved further by using CADe. These results indicate
that CADe could be useful for reporting by RTs, as well as
for radiologists’ readings of malignant microcalcifications on
digital MMG.
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