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Mammographic breast density classification using a deep
neural network: Assessment based on inter-observer
variability
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! Siemens Healthcare GmbH, Forchheim, Germany

2 Pattern Recognition Lab, Friedrich-Alexander University Erlangen-Niirnberg (FAU)

ABSTRACT

Mammographic breast density is an important risk marker in breast cancer screening. The ACR BI-RADS
guidelines (5th ed.) define four breast density categories that can be dichotomized by the two super-classes
“dense” and “not dense”. Due to the qualitative description of the categories, density assessment by radiologists
is characterized by a high inter-observer variability.

To quantify this variability, we compute the overall percentage agreement (OPA) and Cohen’s kappa of 32
radiologists to the panel majority vote based on the two super-classes. Further, we analyze the OPA between
individual radiologists and compare the performances to an automated assessment via a convolutional neural
network (CNN). The data used for evaluation contains 600 breast cancer screening examinations with four views
each. The CNN was designed to take all views of an examination as input and trained on a dataset with 7186
cases to output one of the two super-classes.

The highest agreement to the panel majority vote (PMV) achieved by a single radiologist is 99%, the lowest
score is 71% with a mean of 89%. The OPA of two individual radiologists ranges from a maximum of 97.5% to
a minimum of 50.5% with a mean of 83%. Cohen’s kappa values of radiologists to the PMV range from 0.97 to
0.47 with a mean of 0.77. The presented algorithm reaches an OPA to all 32 radiologists of 88% and a kappa of
0.75.

Our results show that inter-observer variability for breast density assessment is high even if the problem
is reduced to two categories and that our convolutional neural network can provide labeling comparable to an
average radiologist. We also discuss how to deal with automated classification methods for subjective tasks.

Keywords: Mammography, breast density, deep learning, inter-observer variability

1. INTRODUCTION

Current clinical protocol for breast cancer screening and assessing patient risk, is based on evaluating breast
density in mammograms! Breast density is most commonly assessed via the ACR BI-RADS guidelines (5th.
ed.),? which define four density categories from “a” to “d” via qualitative description on a scale from “almost
entirely fatty” to “extremely dense”. In the USA, many states already require woman to be informed in case
they have dense breasts (category “c” or “d”) to schedule supplemental imaging (e.g. breast ultrasound) if
needed® However, the qualitative descriptions allow for subjective interpretations and therefore result in strong

inter-observer variability among radiologists*®

Many automated methods for breast density assessment compute a quantitative measure like area-based or
volumetric percentage density. Area-based methods provide a two-dimensional percentage density value that is
computed solely on the mammographic image impression. The required segmentation of dense tissue can be
obtained semi-automatically via the popular Cumulus software or with any kind of segmentation algorithm such
as global or dynamic thresholding, clustering algorithms like K-means or Fuzzy C-means, statistical models,
texture descriptors (overview in%) and also deep learning segmentation techniques” The risk for breast cancer
development cannot be evaluated by area-based techniques, because they cannot make a statement about the
total volume of dense tissue. However, the areal density can be used to assess the masking risk of a tumor.
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Figure 1. CNN Model that combines the separately extracted image features of all mammographic views and is trained
on the binary classification task “dense” or “not dense”.

Volumetric breast density analysis methods measure the proportion of dense tissue in the total breast vol-
ume. Approaches can be divided into “self-calibration”® (also called “image-based calibration”) and “system
calibration”  Both compute an exact fraction of dense tissue by taking empirical values and the x-ray imaging
physics into account. An advantage of the volumetric percentage density is that it can predict the risk for cancer
development because it represents the amount of fibroglandular tissue, which is more susceptible to cancer.

Despite the number and variety of quantitative methods, the qualitative BI-RADS measure is accepted for
clinical practice. Since fixed percentage density values as criteria have been removed from the guidelines in the
5th edition, it has become harder to convert quantitative measurements to BI-RADS categories. Therefore we
do a direct qualitative classification via deep neural networks to model the radiologists decision patterns.

Convolutional neural networks (CNNs) have already shown to be suitable for a classification of BI-RADS
categoriest ™12 We adopt Wu et al.’s method*! with modifications and want to provide a meaningful evaluation
of the performance. When new computer aided diagnosis (CAD) tools are presented they are often compared
to one or two radiologists. However, when dealing with highly inconsistent opinions among radiologists with no
objective ground truth measure, as in the case of breast density, this evaluation is less meaningful. In this study,
we provide a detailed comparison of the presented deep learning algorithm to a large group of radiologists.

2. MATERIAL AND METHODS
2.1 Data

All mammographic images used in this work were acquired for a clinical trial by the “Malmé Breast Screening
Unit” from the Skane University Hospital in Sweden™® The available dataset initially contained 8150 breast
cancer screening examinations including left and right craniocaudal views (L-CC, R-CC) as well as left and
right mediolateral oblique views (L-MLO, R-MLO) for each case. 600 of these examinations were selected for
the multi-reader study with 32 US radiologists. The radiologists were divided into three groups, such that 9
radiologists saw the first 200 examinations, 10 radiologists saw the second 200 and 13 radiologists saw the last 200
cases. The results were used for the analysis of inter-observer variability and for the final validation of our deep
learning algorithm. Note that the respective panel majority vote was taken as ground-truth for the evaluation,
since the “real” truth cannot be known for breast density assessment.

After subtracting the 600 examinations and following removal of exams where no breast density labels were
available, 7186 cases remained for training of the CNN. The labels were provided by a group of five Swedish
radiologists with more than 10 years experience in breast radiology. Approximately one third of the training
data has been assessed by one, two-thirds by two radiologists per case.
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Figure 2. Boxplots for OPA to panel majority vote and OPA of individual radiologists by group.

2.2 Mammographic breast density classification using a convolutional neural network

Motivated by prior work from Mohamed et alt? and especially Wu et al/ we designed a network that can

take all four mammographic views (L-CC, L-MLO, R-CC, R-MLO) and output one of the two labels “dense”
or “not dense” (see Figure . In contrast to Wu et al't' we do not use a network architecture that is adapted
to the high resolution of mammographic images. We argue that the features needed to assess breast density are
rather simple and we can make use of existing models that are trained on the ImageNet database. To benefit
from the information of all four views, we stack four pre-trained VGG16 networks in parallel. Feature vectors
are extracted via global average pooling of the last layer in every stream and then concatenated. Finally, two
dense layers are added to combine the features of every view before the output is computed in the classification
layer. The input images where post-processed to “For Presentation” mode, resized to 224x224 pixels and copied
to 3 channels to match the requirements of the VGG16 network. Training was done end-to-end via 5-fold cross
validation and the best model according to test accuracy was saved to do the final evaluation.

2.3 Evaluation of inter-observer variability

We define the OPA to be the percentage of cases for which one reader assigns the same class as the panel majority
or another reader. )
#agreeing cases

PA =
© #cases

(1)
We also use the unweighted version of Cohen’s kappa x, which is commonly used for evaluating inter-rater
agreement. It combines the overall agreement of two readers p, with the possibility of agreeing by chance p..

Do — Pec (2)

1_pc

In a first approach we compare the OPA of every radiologist to the respective panel majority, based on two
classes. Additionally, we analyze the agreement of individual radiologists to every other radiologist in the group
and to the algorithm.

We also rank the radiologists based on the OPA and kappa and include our algorithm as an individual
reader into the comparison. Both scores of the algorithm are computed based on the majority votes for all 600
examinations.

3. RESULTS

Figure [2a) shows boxplots for OPAs to the panel majority of all three groups of radiologists. Group one appears
to have a high degree of consent on how to assess breast density. The mean OPA score of 93% in this group is
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Figure 3. Ranking of all observers (including algorithm in red) by their achieved OPA and Cohen’s kappa to the panel
majority.

high compared to the other two groups with 87% and 88% respectively. The variance increases for group two
and three as a logical consequence of the increasing group size. The third group produces the highest and lowest
score of all three groups with an OPA of 99% and 71%. The algorithm’s agreement to all 32 radiologists is 88%
and cannot compete with group one except for one outlier radiologist. The algorithm achieves a performance on
level with the mean OPAs of group two and three and slightly below the corresponding medians.

In Figure [2h] we see that the degree to which individual radiologists agree with each other varies a lot more
than the agreement to the majority vote. This plot shows that the results in Figure |2al do not only depend on
the group size, but that group two and three are less homogenous than group one. The maximum agreement of
two individual readers is 97.5%, the minimum is 50.5% with a total mean of 83%.

In Figure we rank all readers by the OPA they achieved with respect to the panel majority vote. The
algorithms OPA is highlighted in red. The thin line which draws the algorithm’s performance across the whole
figure, we emphasize that the distance to the highest score is only 11% while the distance to the lowest score
is 17%. Furthermore, the algorithm’s performance of 88% is almost on level with the mean agreement of 89%,
between all 32 radiologists. Cohen’s kappa values in figure show a similar distribution with a wider range
of different scores. This results from the fact that Cohen’s kappa is scaled from -1 for total disagreement to
+1 for perfect agreement, where 0 means that agreement has exclusively occurred by luck. While the rank of
the algorithm drops by one on this scale, the difference of 0.28 to the weakest reader is still higher than to the
strongest reader with 0.22.



4. DISCUSSION

The performance of our algorithm is comparable to other proposed techniques. The OPA of 0.881 lies slightly
below that of the Siemens Insight BD software with 0.88514 which uses volumetric density assessment with a
threshold for BI-RADS categories. Compared to Wu et al.,*!' our algorithm yields a slightly higher OPA than
their reported 0.865 for the two-class problem.

An interesting effect that has been observed in our experiments is that the classification accuracy on a test set
which is monitored during training with the 7186 examinations is always approximately 0.02 below the score on
the validation set with 600 examinations. The ground truth in Wu et al.’s paper, as well as that for our training
data, was provided by multiple radiologists with one or two readers per case and our test set performance is
very similar despite of different architectures. Combining this with our observation that many very different
architectures we tried yielded similar results raises the suspicion that the subjectivity of the task imposes such
high label inconsistencies that a test set performance above a certain threshold cannot be achieved. The labelling
scheme of our validation data diminishes this inconsistencies which results in an improved OPA of our algorithm.
This also means that a deep learning algorithm is able to learn correct decision patterns from noisy data but
that it can only show its potential when it is compared in a fair way like we attempted.

Steidl et al*? observed a similar issue for the classification of emotions via speech which is also a highly
subjective task. The authors state that for a true perceptual task, an automatic system can only be as good
as the average labels. We therefore hypothesize that the extraction of features for breast density assessment is
rather simple and can be achieved by many different CNN architectures and that the major task is to properly
account for the inconsistencies caused by the subjective interpretation of individual radiologists. The results of
Mohamed et al™*? also support this hypothesis. They used AlexNet to perform an image-wise (not exam-wise)
classification and initially achieved an area under the ROC curve (AUC) of 0.9256 which is below the AUC of
0.954 we achieve on the validation set. By defining a criteria to remove inconsistent labels in the training data,
their AUC improved drastically to 0.9857.

From all aforementioned findings we conclude that it is highly desirable for breast density assessment and
subjective classification tasks in general, to acquire a large data set for training where individual cases have been
labelled by many different readers. This is probably the best way to boost the performance of a deep learning
algorithm past that of the average reader.

5. CONCLUSION

Our results show that inter-observer variability for breast density assessment is high even if the problem is
reduced to two categories and that our convolutional neural network can provide labeling comparable to an
average radiologist. We therefore suggest that automated approaches for breast density assessment are essential
for decision support and to reduce inconsistencies among radiologists. We show that it is important to compare
a deep learning algorithm for a subjective classification task with caution and hypothesize that the best way to
surpass the average reader’s performance is to have multiple readers label the same cases in the training data.
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