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INTRODUCTION
Breast cancer is one of the leading causes of cancer related mortality in 
women. Mammography is the most widely used imaging modality to 
detect breast cancer. It can be either screening or diagnostic. 

Screening mammography helps in detection of early breast cancer in 
asymptomatic women, thereby reducing the mortality rate related to 
this cancer. The most common drawbacks of screening mammography 
are false positive and false negative cases. False positive cases are 
further subjected to non invasive imaging modalities like Ultrasound 
and MRI or invasive procedure like tissue biopsies. False negative 
mammograms show normal images although breast cancer is present. 
Dense breast is a common cause of false negative mammogram.

In the United States, most of the mammograms are reported by a single 
radiologist but most European countries and a few Asian countries 
follow the protocol of getting each mammogram reported by two 
radiologists in order to minimize the error. In the United States alone, 
the estimated number of mammograms done each year is about 40 
million. Considering the staggering number of mammograms and the 
limited number of breast imaging radiologists available, it becomes 
important to have some sort of automated system to reduce the burden 
and increase the accuracy and efciency.

Now with the emergence of Articial Intelligence (AI) in the eld of 
medical imaging, the radiologists have a strong ally to assist them for 
interpreting mammograms. Deep Learning, a subset of Articial 
Intelligence, is a highly evolved system inspired by the neurons of 
human brain. Deep Learning system works in multiple layers. It uses 
data of images to create an algorithm that can eventually be used to 
analyze new images provided to it. In various studies throughout the 
world, AI algorithms have been used to interpret mammograms.

REVIEW OF DIFFERENT STUDIES
A retrospective study was performed by Alejandro Rodriguez-Ruiz et 

1al  to detect Breast Cancer on Digital mammography. A total of 2652 
exams were analyzed by Articial Intelligence. The results were then 
compared with the interpretations by 101 radiologists. It was found 
that the area under the ROC curve was 0·840 for the AI system and 
0·814 for the average of radiologists. Articial Intelligence technique 
had an area under curve (AUC) higher than 61·4% of radiologists. This 
study concluded that the AI system showed an accuracy comparable to 
an average radiologist in interpreting the Digital Mammograms.

2Another retrospective study was done by Hyo-Eun Kim et al . They 
developed and validated the algorithm with 170230 digital 
mammograms collected from ve institutions in South Korea, the USA 
and the UK.  AI algorithm was developed by using ResNet 34, a type of 
deep convolutional neural networks (CNN) architecture. The AU-
ROC for the performance of radiologists without the assistance of AI 
was 0·810 and with the AI assistance it was shown to be 0·881. This 
suggested signicant improvement in the performance of radiologists 
when assisted by AI.

3McKinney et al  used an AI system for a mammography based 
screening programme to predict the risk of developing breast cancer. A 
Deep Learning AI algorithm was used to assess the risk of breast 
cancer based on mammogram images. The results were compared with 
the interpretation of six radiologists. According to this study the AU-
ROC for the AI based system was 0.871, whereas the AU-ROC for the 
radiologist based interpretation was 0.750. Thus this study showed an 
overall increase of 0.115 in the AU-ROC metrics with the use of AI, 
suggesting that AI system had a better predictive value compared to the 
human experts in this eld. 

4Watanabe et al  used an AI algorithm called cmAssistTM to analyze the 
mammograms from 122 patients. This study was performed with the 
help of seven radiologists who interpreted the mammograms without 
and with the help of AI system. It was found that the use of AI system 
increased the cancer detection rate (CDR) of the radiologists. The 
percentage increase in CDR with the use of AI system was between 6% 
to 64 % (mean 27%). This indicated a signicant improvement when 
AI system was used by the radiologists.

Screening Digital Mammogram images were analyzed by Rodríguez 
5et al  in a retrospective study. They used mammograms of 240 women 

(age range 39 years to 79 years). Out of these 100 had cancer, 100 were 
normal and 40 had false-recall. These images were interpreted by 14 
radiologists expert in breast image reporting. They analyzed the 
images once on their own without any support and then once with  the 
help of AI system. The study showed that the area under curve (AOC) 
was higher when the radiologists were assisted by AI system. The AOC 
was 0.87 without AI help and 0.89 with AI help. The radiologist 
assisted with AI also showed an increase in sensitivity (86%) as 
compared to interpretation without AI (83%). The P value was found to 
be 0.002. This study suggested that the cancer detection capability of 
the radiologists was improved with the help of AI system.

6In a retrospective study, Adam Yala et al  developed a Deep Learning 
model to triage mammograms as cancer-free. They used 223109 
screening mammograms for this study. The Deep Learning model was 
evaluated on the test data. Radiologists, when working alone, achieved 
a sensitivity of 90.6% and specicity of 93.5%. When the radiologists 
were assisted by the Deep Learning model, the sensitivity was reported 
to be 90.1% and the specicity 94.2%. Thus it was shown that the DL 
simulated workow increased the specicity, without a signicant 
reduction in the sensitivity.

7In one of the biggest study of its kind by Schaffter et al , 144� 231 
screening mammograms from the United States were used to train and 
validate an AI algorithm. Another set of 166578 mammograms from 
Sweden was used for validation. 126 teams were formed from 44 
countries comprising of 1100 radiologists. AI algorithms were rened 
and a nal algorithm called challenge ensemble method (CEM) was 
created. Specicity of this CEM was compared with the specicity of 
radiologists at a given sensitivity. The dataset was divided into KPW 
dataset and KI dataset. Specicity was compared using a xed 
radiologist sensitivity. 
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ABSTRACT
Breast cancer is one of the leading causes of cancer related mortality in women. Mammography is the most widely used imaging modality to detect 
breast cancer. Due to a large number of screening mammograms and a limited number of breast imaging radiologists available all over the world, 
the role of Articial Intelligence in the form of Deep Learning algorithms is being explored to assist the radiologists in interpreting these 
mammograms. 

KEYWORDS
Articial intelligence, Machine learning, Deep learning, Mammography

30 International Journal of Scientific Research



Volume - 9 | Issue - 11 | November - 2020

With a xed KPW radiologist sensitivity of 85.9%, the specicity of 
CEM was 76.1% and the specicity of radiologist was 90.5%. With the 
KPW data, when the radiologist was assisted with the CEM (referred to 
as CEM+R) the specicity was found to be 92%.

With a xed KI radiologist sensitivity of 77.1%, the specicity of CEM 
was 92.5% and the specicity of radiologist was 96.7%. With the KI 
data, the specicity for CEM+R was found to be 98.5%.

Thus this study concluded that the specicity of CEM (the most 
evolved model of AI in this case) was much lower than that of 
radiologist. But when a single radiologist is assisted with CEM 
(CEM+R), there is an improvement in specicity. 

CONCLUSION
So, are we there yet? Most of the studies have revealed that when 
human experts are assisted by AI system, their performance is 
enhanced, translating into increased accuracy and reduced recall rate. 
At the moment, AI algorithm as a standalone method is not superior to 
the radiologist. But then, these Deep Learning systems are still 
evolving. The AI systems need a lot of data to produce a useful 
algorithm. Since a plethora of images are being generated for the 
purpose of diagnosis, these algorithms are bound to get better with 
each passing day. And in all likelihood, the most potent option would 
still be a combination of a AI and radiologist, i.e., technology and 
human expert.
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