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Abstract
Background: On mammography many cancers may be missed even in retrospect either due to the breast density,
the small size of the tumor or the subtle signs of cancer that are imperceptible. We aimed to compare the sensitivity
of artificial intelligence (AI) to that of digital mammography in the detection of different types of breast cancer. Also,
the sensitivity of AI in picking up the different breast cancer morphologies namely mass, pathological calcifications,
asymmetry, and distortion was assessed. Tissue biopsy and pathology were used as the standard reference. The study
included 123 female patients with 134 proved carcinoma. All patients underwent digital mammogram (DM) examination scanned with artificial intelligence algorithm.
Results: AI achieved higher sensitivity than mammography in detecting malignant breast lesions. The sensitivity of
AI was 96.6%, and false negative rate was 3.4%, while mammography sensitivity was 87.3% and false negative rate
12.7%. Our study showed AI performed better than mammography in detecting ductal carcinoma in situ and invasive
lobular carcinoma with sensitivity (100% and 96.6%) vs (88.9% and 82.2%) respectively. AI was more sensitive to detect
cancers presented with suspicious mass 95.2% vs 75%, suspicious calcifications 100% vs 86.5% and asymmetry and
distortion 100% vs 84.6%, than mammography.
Conclusions: AI showed potential values to overcome mammographic limitations in the detection of breast cancer
even those with challenging morphology as invasive lobular carcinoma, ductal carcinoma in situ, tubular carcinoma and micropapillary carcinoma.
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Background
In 2018, an estimated 2.1 million cases of breast cancer
were diagnosed around the world, with an estimated
630,000 breast cancer related deaths. Countries with low
human developmental index show a greater incidence of
cases among premenopausal women [1].
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Mammography is the first tool for detection and diagnosis of breast cancer. It’s readily available and cost
effective. Unfortunately, mammography being a twodimensional imaging tool has its well-established limitations. Tissue superimposition may mimic or mask
an underlying lesion. This is especially evident in premenopausal women who have dense breasts [2].Recent
advances in AI hold a great promise not only for detection of breast cancer, but for risk assessment, diagnosis,
prognosis and monitoring response to therapy [3]. AI can
be used as an independent preliminary reader of mammographic images, with near human reader accuracy. By
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doing so it can help save time and effort of radiologists
and reduce false positive results [4].
The main aim of the current study was to assess the
sensitivity of screening or diagnostic mammograms
aided by artificial intelligence in detecting the different
histologic types of breast cancer. Also, the sensitivity of
artificial intelligence in detecting different cancer morphology was estimated.

Methods
The study was prospectively carried out on 123 female
patients with 134 pathologically proven malignant breast
lesion, during the period from December 2020 to June
2021. Eleven cases showed bilateral carcinomas and 30
patients showed multiple masses (multifocal, n = 24 and
multicentric, n = 6).
Inclusion criteria: patients presented for either screening or diagnostic mammogram and were pathologically
proven to have breast carcinoma.
Exclusion criteria: patients with proven benign masses
or benign masses on follow up, patients on chemotherapy
or after breast surgery and pregnant patients (contraindicated for mammography).
All patients underwent baseline examination of digital
mammogram (DM). Ultrasound guided biopsy was performed for the included lesions. Image interpretation was
carried out by two radiologists with at least 15 years of
experience in breast imaging. Image interpretation was
at individual sessions and readers were blinded about
the pathology of the included masses. Diagnosis was
achieved by consensus.
The results of AI & DM were correlated to the pathology as the standard reference.
Breast Mammography: was performed by digital
mammography, (manufacture: Amulet Innovality, Fujifilm Gobal company, Japan). Mammography machines
were supported with a “Bellus” workstation of resolution
five megapixels. Standard two views were taken for each
breast in the medio-lateral and cranio-caudal positions.
On average the total dose for a typical mammogram with
2 views of each breast was about 0.4 millisieverts (mSv).
Breast ultrasound (US): was performed to characterize mammographic abnormalities into pure cystic, solid
or complex, verify benign abnormalities and for guiding
biopsy. HS60 Samsung ultrasound, Korea, 2019 device
equipped with a linear probe of 9–13 MHz was used. All
the real-time scanning was performed by a radiologist
with at least 15 years of experience in breast ultrasound.
Artificial intelligence images were generated from mammographic images by (Lunit INSIGHT MMG, Korea,
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version 2019) for Fujifilm digital mammography system.
This AI software generates score (susceptibility of malignancy) from < 10 to 100%, below 10% considered “Low”
scoring (No registered scoring percentage). For an input
mammogram image (i.e., one of the four views), the AI
algorithm provides pixel-level abnormality scores as a
heat map and a representative abnormality score, which
is the maximum of the pixel-level abnormality scores. The
abnormality scores are floating-point values between 0
and 100. Sensitivity and specificity were calculated with
the cutoff threshold of 10% (i.e., if the abnormality score
is ≥ 10%, then positive; otherwise, negative). The statistical material and methods: Data were coded and entered
using the statistical package for the Social Sciences (SPSS)
22nd edition, continuous variables were presented in
mean ± SD and were compared using Mann Whitney U
test, and Kruskal Wallis test. Categorical variables were
presented in frequency ad percentage and paired variables
were compared using McNamara test. Spearman correlation test was used to correlate two continuous variables.

Results
The patients’ age ranged between 32 to 80 years old
(mean age was 53.6 ± SD 12.0 years old).
Most of the patients had a mammographic breast density of “ACR b” (59.7%) and “ACR c” (32.1%).
The pathological entities of the included carcinoma:
IDC (n = 91), ILC (n = 29), DCIS (n = 9), and other rare
forms as micropapillary carcinoma, borderline phyllodes
tumor and tubular cribriform carcinoma (n = 5) where,
IDC (68%) was the most prevalent pathology.
Sensitivity according to pathological type of cancer

Cancer was detected at the right breast in 87 (65%) and at
the left side in 47 (35%). According to pathological type of
breast cancer, mammography demonstrated a sensitivity
of 89% in detecting IDC, 82.2% in detecting ILC, 88.9%
in detecting DCIS and 80% in detecting other histopathological types of breast cancer, as shown in Table 1.
AI system demonstrated a sensitivity of 96.7% in
detecting IDC, 96.6% in detecting ILC, 100% for detection of DCIS, and 80% for detection of other malignant
types, as shown in Table 2.
Overall, the AI system demonstrated 96.6% sensitivity and 3.4% false negative rate, whereas mammography
demonstrated 87.3% sensitivity and 12.7% false negative
rate in detection of different types of breast cancer. False
negative results on AI were 3 cases: 1 case of IDC, 1 case
of ILC, and 1 case of borderline phyllodes carcinoma
(Table 3).
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Sensitivity according to lesion morphology

was 100%, suspicious mass was 95.2%, while the asymmetry and distortion were 100% (Table 4).

Suspicious findings on mammography and AI imaging
were categorized into either a suspicious mass, suspicious
calcifications, asymmetry and distortion. The sensitivity
of the digital mammography in detecting suspicious mass
was 84.6%, in detecting asymmetry and distortion was
75% and in detecting calcification was 86.5%. The sensitivity of AI in the detection of suspicious calcifications

Discussion
Early detection of breast cancer through screening is the
most effective method for reducing cancer related morbidity and mortality. Despite its benefits, mammography
has limited sensitivity especially in dense breasts. Among

Table 1 Sensitivity of mammography in detecting different pathological types of breast malignancy
Mammography results

P value

False negative

True positive

N
Invasive ductal carcinoma
Invasive lobular carcinoma
Ductal carcinoma in situ
Others

%

N

%

No

7

16.3

36

83.7

Yes

10

11.0

81

89.0

No

12

11.4

93

88.6

Yes

5

17.2

24

82.8

No

16

12.8

109

87.2

Yes

1

11.1

8

88.9

No

16

12.4

113

87.6

Yes

1

20.0

4

80.0

< 0.0001
< 0.0001
< 0.0001
< 0.0001

Table 2 Sensitivity of AI in detecting different pathological types of breast malignancy
AI results

P value

False negative
N
Invasive ductal carcinoma
Invasive lobular carcinoma
Ductal carcinoma in situ
Others
*

True positive
%

N

%

No

2

4.7

41

95.3

Yes

3

3.3

88

96.7

No

4

3.8

101

96.2

Yes

1

3.4

28

96.6

No

5

4.0

120

Yes

0

0.0

9
125

96.9

4

80.0

No

4

3.1

Yes

1

20.0

96.0

< 0.0001
< 0.0001
< 0.0001

100.0
< 0.0001

McNamara test

Table 3 Comparison between results of mammography and AI system
Artificial intelligence
interpretation

P value

False negative

Mammography
results
*

McNamara test

True positive

N

%

N

%

False negative

1

5.9

16

94.1

True positive

4

3.4

113

96.6

0.012*
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Table 4 Sensitivity of mammography/ artificial intelligence according to lesion morphology
Mammography results

P value

False negative

True positive

N
Suspicious mass
Asymmetry and Distortion
Calcifications

%

N

%

No

1 3.3

29

96.7

Yes

16 15.4

88

84.6

No

15 55.6

12

44.4

Yes

1 25.0

3

75.0

No

12 12.4

85

87.6

Yes

5 13.5

32

86.5

0.074
0.002
< 0.0001

Artificial intelligence interpretation
Calcifications
Suspicious mass
Asymmetry and Distortion
*

No

5 5.2

92

94.8

Yes

0 0.0

37

100.0

No

0 0.0

30

100.0

Yes

5 4.8

99

95.2

No

3 11.1

24

88.9

Yes

0 0.0

4

100.0

< 0.0001
< 0.0001
< 0.0001

McNamara test

the recent advances aiming to combat the limitations of
mammography is the use of AI [5].
In 1990s, CAD (computer aided detection) was introduced to increase radiologists accuracy in detection and
diagnosis of breast cancer. But no true clinical benefit
was achieved as a result. Eversince, there has been an
ongoing research to develop more advanced technology,
such as deep learning. Deep learning models are not limited by the human understanding of what a breast cancer
looks like, but rather teach themselves what to look for
after being exposed to multiple examples of normal and
pathological images [6].
In the current work, AI achieved higher sensitivity than
mammography in detecting the different types of malignant breast lesions and the commonest carcinoma was
IDC (68%), Fig. 1.
The sensitivity of AI was 96.6%, and false negative rate
3.4%, while mammographic sensitivity was 87.3% and
false negative rate 12.7%. AI performed better than mammography in detecting different histopathological types
of breast malignancy namely DCIS, IDC and ILC with
sensitivity (100%, 96.7%, 96.6%) vs (88.9%, 89%, 82.2%)
respectively. While in other rare types of breast malignancy (micropapillary carcinoma, borderline phyllodes

tumor and tubular cribriform carcinoma), both AI and
mammography showed the same sensitivity 80%.
The current results were consistent with multi-institutional studies such as the one performed by Kim et al.
[7] in South Korea, the USA, and the UK. They reported
that AI standalone sensitivity in the three validation datasets was 91%. Another retrospective study based on the
screening programe in Western Australia reported that
AI based systems outperfomed human radiologists with
14.2% increase in senitivity [8].
Close results were attained by Ribli et al. [9] where the
AI emloyed system achieved AUC = 0.95, (95 percentile
interval: 0.91 to 0.98, estimated from 10,000 bootstrap
samples). Meanwhile, Watanabe et al. [10] reported that
with the aid of an AI system, the cancer detection rate
among radiologists increased from an average of 51% to
62%.
Our findings are also agreeing with smaller scale studies [11–16]. Rodriguez-Ruiz et al. [17] in 2019, performed
a study on 240 mammograms (100 cancers, 40 leading to
false-positive recalls, 100 normal) reported that sensitivity increased with AI support to 86% vs 83% with mammography alone. Other study by Pacilè et al. [12] in 2020,
which was carried out on 240 participants, also reported
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Fig. 1 Screening mammogram of a 60-year-old female patient. A
Digital mammography cranio-caudal views of both breasts. Left
breast upper outer focal area of increased density and distortion
(arrow). B AI heatmap showed left breast upper outer high intense
color hue of 91% score of malignancy suspicion. C On ultrasound,
a small indistinct solid mass was detected. Wire localization and
excision biopsy revealed IDC. Localization of the disease was more
feasible by the aid of the AI and the suspicion of malignancy was
confirmed

that average sensitivity of radiologists was increased by
0.033 when using AI support (P = 0.021). Sasaki et al.
[13] also suggested that AI can increase the sensitivity of
human readers from 89 to 96%.
Although several studies discussed the role of AI in
cancer detection among screening mammograms, few
studies addressed its significance in detecting different types of cancer and their different mammographic
appearances. Our study showed that AI was more sensitive to detect cancers with suspicious mass 95.2% vs 75%,
suspicious calcifications 100% vs 86.5% and asymmetry
and distortion 100% vs 84.6%, than mammography.
This study results went with Kim et al. [7] who reported
AI sensitivity in detecting soft tissue lesions (mass, asymmetry and distortion) to be 89.8% vs 71.6% for reading
mammograms by unassissted radiologists. Also in their
study the AI showed better sensitivity than radiologists in
detecting microcalcifications (87.6% vs 71.4%).
Another study also suggested that in malignant cases,
AI performed better than mammography in both mass
detection and calcifications. (84.1–86.1% vs 77.5–77.9%)
[18]. Furthermore, in Conant et al. study [14], sensitivity
of AI in cases with only calcifications was 100% and was
88% in cases with soft-tissue densities with or without
calcifications.
The AI system employed in the current study showed
100% senitivity in detection of DCIS. This could be
explained through the pathological nature of DCIS
where calcification is a prominent feature [19]. Our study
showed ability of AI to detect pathological calcification at
a sensitivity rate of 100%.
In mammographic imaging, ILC doesn’t always present
as a mass. It may have vague appearances in the form of
architectural distortion, asymmetry, or even breast size
discrepencies, making it one of the most missed pathological types of cancer on mammography (up to 30% of

▸
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Fig. 2 A 43-year-old female patient presenting with mastalgia. A,
B Digital mammography in cranio-audal and mediolateral oblique
views respectively of both breasts. They show extremely dense
breasts (ACR d) with asymmetries and subtle distortions (arrows). C
AI: showing right breast large UOQ suspicious area with 92% score of
malignancy. The left breast also shows UOQ as well as retro areolar
suspicious areas, with 89% score of malignancy. Both breast lesions
elicit red and green heat maps which reflected high probability of
malignancy on the color-coded scale. Ultrasound guided True-cut
biopsy was performed and revealed bilateral ILC. In this case AI was
able to illustrate the disease bilaterality and multicentricity on the left
side which was not evident on mammography

missed cancers). Mammographic sensitivity in detecting ILC ranges from 86 to 100% in fatty breasts down to
45–68% in extremely dense breasts [19]. It was found in
the current study that AI can overcome the limitations
of mammography in cases of ILC, Fig. 2. It shows better
sensitivity than mammography in detecting that type of
carcinoma (96.7% vs 89%).
The applied color hue provided by the AI scanning
delineated the full extent of the disease not just targeted
the site of the abnormality on the mammogram [20].
Such criteria helped to determine the multifocal or multicentric distribution of the included carcinomas, Figs. 2
and 3.
Regarding the histopathological types of breast cancer,
this work was consistent with a study performed by Lang
et al. [4]. In agreement with our results, AI showed high
sensitivity in detecting both IDC, ILC, and DCIS. The AI
in their study missed three tubular carcinoma, two IDC
and one ILC. Our results reflected more or less similar
findings, as in the current work the AI algothrium missed
three cases of IDC, one case of ILC, and one case of borderline phyllodes carcinoma.
However, the AI algorithm sometimes underestimate breast lesions that lack the morphologic features
of malignancy on the mammogram. As a result, no
demarcation by the color hue was noted at the heatmap
images and the given abnormality scoring for the breast
showed accordingly a “Low” scoring, Fig. 4. To get the
best performance of AI in correlation with mammogram;
complementary ultrasound is mandatory to decrease
the incidence of false negative results in case of diagnostic mammogram or screening mammogram with high
breast density [21].
Lang et al. [4] and our study both showed 100% sensitivity in detection of DCIS, which highlights AI’s advantage in detection of pathological microcalcifications.

▸
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Fig. 3 A 58-year-old female patient with left breast proved micropapillary carcinoma. A Digital mammography of the left breast. There is focal
large circumscribed mass in the lower inner quadrant and related indistinct asymmetrical densities. B Ultrasound image showed purely solid
mass. C Contrast enhnaced mammogram of the left breast showed rim enhancement of the mass suggestive of being malignant and suspicious
enhancment of the related asymmetries (i.e. likely multifocal carcinoma). D AI- scanned four images mammogram that represent high intensity
red color hue that involved the mass and the nearby minions comparable to the features at the contrast enhanced mammogram with definite
cancer suggestion of high scoring percentage of 98%. In this case, the AI detected the carcinoma and also the satellites were marked by the color
hue giving the exact dimensions of the disease

This study has some limitations. It is limited by the
relatively small sample size. We did not study the interaction of a human interpreter with AI algorithm results
and how AI will affect radiologists’ final assessment. The
used AI algorithm does not take into account clinical factors such as symptoms or family history, which may limit
comprehensive analysis.

Conclusions
AI showed promising aspects in detection of different
histopathological types of breast cancer. It showed the
potential to overcome mammographic limitations with
certain challenging malignant pathologies as invasive
lobular carcinoma, ductal carcinoma in situ, tubular carcinoma and micropapillary carcinoma.
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Fig. 4 Screening mammogram of a 45-year-old female patient with left breast proved invasive ductal carcinoma. A Digital mammography
medio-lateral and cranio-caudal views of both breasts. There is a left breast axillary tail tiny lobulated mass (arrow). B AI- scanned four images
mammogram that showed no color demarcation and “Low” scoring percentage. C Ultrasound image showed tiny lobulated solid mass in plane
with the breast tissue. The detected left breast mass showed no suspicion of malignancy and was false negative by the sono-mammogram and AI
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