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Abstract

:

Colorectal cancer (CRC) is the second leading cause of cancer death in the world. This disease could begin as a non-cancerous polyp in the colon, when not treated in a timely manner, these polyps could induce cancer, and in turn, death. We propose a deep learning model for classifying colon polyps based on the Kudo’s classification schema, using basic colonoscopy equipment. We train a deep convolutional model with a private dataset from the University of Deusto with and without using a VGG model as a feature extractor, and compared the results. We obtained 83% of accuracy and 83% of F1-score after fine tuning our model with the VGG filter. These results show that deep learning algorithms are useful to develop computer-aided tools for early CRC detection, and suggest combining it with a polyp segmentation model for its use by specialists.
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1. Introduction


Colorectal cancer (CRC) is one of the most lethal cancer types in the world, is the second leading cause of cancer death in the world and ranks third in incidence with over 881,000 deaths and 1.8 million cases that were estimated to occur in 2018 [1]. This disease begins as a non-cancerous growth of glandular tissue on the colon’s or rectum’s inner lining known as a adenomatous polyp. Some of these polyps can be seen as neoplasm, if not treated over time, they can cause cancer and death in the worst case. Consequently, there is evidence that is possible to prevent CRC if these polyps are detected and removed in an early stage of the disease [2,3].



Currently, colonoscopy is one of the most reliable methods for screening and diagnosing of CRC [4]. In order to reduce false negatives, the medical personnel must remove all detected polyps during colonoscopy as there is no a perfect method to decide if a polyp is benign or malignant. Because colonoscopy can still leave polyps undetected, several machine learning techniques have been made to provided computer-aided polyp detection systems [5].



In order to reduce costs and avoid unnecessary removal of benign polyps, several automated classification systems have been made. These systems help endoscopists to make an appropriate optical diagnosis of detected polyps. Some automated classification systems currently exists, but they are based on advanced imaging modalities [6]. One technique used to determine the treatment of colon polyps is mucosal surface analysis. Also called pit-pattern analysis, it is categorized using Kudo’s classification schema [7]. Those classified as Type I or II are often not removed because they are usually non malignant. Type III and IV have a low risk factor of being carcinogenic. Type V has a 56% of being malignant [8,9].



Multiple techniques originated from the area of computer vision have been used in the area of computer assisted polyp classification. Most of these are based on hand-crafting feature extraction methods to train a more basic classifier such as support vector machine (SVM) or a k-nearest neighbor (k-NN) classifier. Some known methods used are wavelet based methods [10,11], texture analysis methods based on computing the local fractal dimension [11] and energy maps obtained from the intensity of valleys [12].



Some authors have already experimented using deep learning for polyp detection and classification. In [13] they trained a large, deep convolutional model to classify between “adenomatous polyp-positive” and “adenomatous polyp-negative” classes. Using 1225 polyp images extracted from various digital sources they obtained an accuracy of 80% with a recall of 90% and a precision of 78%. In [14] the authors used transfer learning to obtain a feature extractor for a SVM that classifies between hyperplasia and adenoma polyps. They obtain an accuracy of 85.9% with 87.6% recall and 87.3% precision, however as this method uses support vector machine for classification, training when new data is available consume significant resources. The benefits of using learned features compared to hand-crafted methods is their ability to generalize better to multiple situations and to unfamiliar datasets. This has been proved in other areas such as pedestrian gender recognition [15].



To provide a computer-aided diagnosis tool for CRC prevention, we propose a deep learning algorithm based on any standard colonoscopy equipment that classifies polyps into high risk and low risk of malignancy based on pit patterns described by Kudo. Those classified as Type V are considered high-risk, and those classified as Type IV or below are considered as low-risk.




2. Methodology


Early detection of cancerous polyps allows for reducing the colon cancer incidence rates. High quality endoscopes with high-magnification or other imaging capabilities makes the classification of polyp Types easier. Nonetheless, these devices are not always available, therefore, it is important to develop methods agnostic to the colonoscopy devices to reduce costs and make these tests more affordable for all regions in the world where the access to special equipment to provide a good results is scarce.



Following Kudo’s polyp classification [7], we decided to separate polyps between malignant and nonmalignant. Given that the first two categories are not associated with malignancy and Types III and IV have a low risk of containing carcinoma, we decided to group them as nonmalignant. Type V polyps otherwise has a 56% risk of malignancy, so we can confidently label that type as the only one malignant in our test environment [8]. These polyp types can be seen in Figure 1. Based on this, we can train an algorithm that will help in reduction of incidence ratio with a reduced need for intervention. This way specialists could have an additional tool improving the odds of a patient, and potentially reducing colorectal cancer incidence.



For our training and testing dataset, experts associated to the University of Deusto collected and classified a set of 600 images into five different categories of pit patterns defined by Kudo. These images where collected from 142 patients in the Urduliz hospital and Biodonostia Heatlh Research Institute with the required ethics committee approval. Polyp images were extracted from colonoscopy videos recorded using different colonoscopy cameras and under multiple lighting conditions. The collected images ended up having one of the following resolutions: 576 × 768, 576 × 1047, 1024 × 1280, 1048 × 1232, 1072 × 1440, 1080 × 1350. To make our system general we included a preprocessing step, downscaling the images to a resolution of 150 × 150, it should be noted that this process is not necessary in the deep learning model, but enable the system to work efficiently with less computing capacity. The number of images contained in each Kudos’ category is presented in the first row of Table 1, due to the limited amount of images per category data augmentation techniques were applied to the dataset. In our experiments we applied rotation, horizontal and vertical shifting, shear, zoom, and mirroring, to the images leading to the number of records presented in the second row of Table 1.



After checking the final data count, we merge the first four categories and treated them as non malignant polyps, while leaving Type V polyps as malignant for our experiments. We sampled equal quantities from each of the first four classes to obtain a similar amount of images compared to Type V images in order to have a balanced dataset.



Before the rise of deep learning, researchers used to produce hand crafted transformations in order to feed the images in a model such as SVM. A modern convolutional neural network pipeline can be seen as a full feature extractor and a classifier join together in one model. In the previous model, this separation can be noticed where the convolutional layers get flatted and used in a dense layer.



Our plan for classifying the polyps into malignant and non malignant consisted of an incremental approach based on ideas done in similar works such as [14]. We first built a small deep convolutional model to test if it could learn effective transformations in order to extract useful features for a robust polyp classification. We then compared this network with another one using a pre-trained feature extractor based on the VGG-16 neural network architecture [16]. We tested two situations with this model. First, we just added a dense layer on top of the convolutional feature extractor and trained it, freezing the convolutional part so it didn’t change during training. After checking the results, we fine tuned the model unfreezing some convolutional layers from the top of the network, that are supposed to represent high level features. We trained the model with this change and observe the results. To measure our results, we divided our data into three sets. 68% of the data as a training set to optimize the model, 16% of the data as a validation set to select the best hyperparameters and another 16% of the data as a test set to obtain the final measurements.




3. Experiments


To feed the images into our machine learning algorithm we did a preprocessing step that consisted of rescaling each channel from RGB images into a {0, 1} scale and resizing the images to the 150 × 150 resolution in order to have a constant size for the model. Additionally, we used image augmentation to improve our results, including rotation, horizontal and vertical shift, shearing, zoom and a horizontal flip as operations. This was conducted for all the experiments presented in this paper.



Additionally, we used a bootstrap undersampling technique in which we randomly selected a subset of the nonmalignant category in the training set and all images from the malignant category in the training set and trained for 10 epochs. After that, we resampled the nonmalignant images without replacement and continued training for 10 more epochs. This process was repeated until all images from the nonmalignant category are sampled.



All experiments were conducted in the deep learning framework Keras [17]. For the small convolutional model we used a sequential architecture based on a series of convolution and max pooling operations. The model was composed by four convolutional layers, each one of them followed by a max pooling layer to make the model translation invariant. After that, we add a dropout layer to reduce overfitting and then add a dense layer. This dense layer is then connected to a sigmoid neuron that will output the probability of the current polyp being malignant. For training we used the RMSprop optimizer with a learning rate of   1 ×  10  - 4     A sketch of the model can be seen in Figure 2.



Then we used a model with the VGG-16 architecture trained with ImageNet [18] provided by Keras to be our feature extractor. This model received as input a 150 × 150 image, and passed trough a stack of convolutional layers with receptive filters of 3 × 3. We added a dense layer and a sigmoid neuron on top of that to do the prediction. This model was trained using the RMSprop optimizer with a learning rate of   2 ×  10  - 5    .



Finally, we fine tuneed the feature extractor making it part of the whole training pipeline, but freezing most of the top layers of the VGG network. There is a big risk of overfitting when doing this, so we stored the previous model and then tested unfreezing layers one by one. We stayed with only unfreezing three layers to avoid a greater risk of overfit. We trained using the RMSprop optimizer too with a learning rate of   1 ×  10  - 5    .




4. Results and Discussion


Given the necessity of making more accessible these tests around the world, and in order to support endoscopists, a computer-assisted diagnosis tool that doesn’t depend on special equipment is the key for solving this problem. In order to reach this solution, we present the results obtained by all three models described in this article. It is important to indicate that we had to reduce our usable data given the unbalanced dataset that we had available for this. Also, separating data between training, validation and testing limits us even more, and given the low amount of data for testing, it is possible that some small bias is present in the evaluation of the models.



We evaluated the models using four metrics: accuracy, precision, recall, and the F1 score. We report the results of these experiments on Table 2, it should be noted that these results are agnostic to the colonoscopy modality, and as we are using a fully connected layer for classification, our results are more general when compared with a SVM classification strategy. As we can see, this incremental approach allows us to obtain increasing gains in every metric. Additionally, these results indicate that models trained using generic images without any medical context whatsoever can still be useful to learn good convolutional transformation for feature extraction and transfer learning. Given that medical datasets are usually too small for training very deep neural networks effectively, this experiment also supports the previously tested hypothesis that CNN features from nonmedical domains can be very effective when used with medical datasets [14].



In order to establish a comparison between the proposed model and traditional techniques, we conducted experiments by using both our approach and the classicals. We trained two models using our dataset, a SVM with a very high regularization value (C = 15) because when running without regularization this model proves to be incapable of recognize the classes; and a k-NN with an arbitrary number of neighbours. Both of them used histograms of oriented gradient (HOG) [19] as a feature extractor for the images. The results are presented in Table 3.



It should be noted that both classical techniques obtained the same results when synthesizing our dataset. This can be interpreted as a train overfit in both cases, proving the generalization capacity that deep convolutional neural networks have. An additional advantage of using the proposed Deep Learning model approach for the colon polyps classification is the possibility of extend these results by creating a framework, aiming to provide a narrative from the obtained results as described in [20].




5. Conclusions


In this paper we show that a small deep CNN model trained from scratch can provide good results for pit pattern classification intended to the colorectal cancer diagnosing. We tested using an incremental approach based on learning a feature extractor as part of the training pipeline, and then using a feature extractor trained from a nonmedical domain. We obtained good results after fine tuning the selected model.



These results show that modern deep learning techniques are already robust enough to provide assistance in computer-aided diagnosis. Given that the consequences of a non-correctly diagnosed polyp can be dying from colon cancer these advancements provide a solution to reduce incidence rate, and in turn, mortality of cancer patients.



This model can be easily extended in future work into a real time algorithm that processes live feed from a magnifying colonoscopy that help provide computer-aided diagnosis of risk. We are currently collecting more records to enhance our dataset, we are confident that results will be improved over time using this additional data and exploring new techniques such as video analysis instead of independent frames. In Figure 3 we show a schema from a computer-aided diagnosis tool for polyp detection and classification based on our work, that is currently being developed.
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Figure 1. Examples of Kudo’s classification scale of Polyps ranging from I through V. 
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Figure 2. Proposed CNN architecture as described in text. 
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Figure 3. Diagram of a computer-aided diagnosis tool based on our work on polyp detection and segmentation. 
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Table 1. Amount of polyps per category.
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	I
	II
	III
	IV
	V





	Original dataset
	47
	90
	183
	187
	93



	With augmentation
	282
	540
	1098
	1122
	558
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Table 2. Resulting metrics.
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	Accuracy
	Precision
	Recall
	F1 score





	Base CNN Model
	0.76
	0.83
	0.66
	0.74



	Using VGG as a feature extractor
	0.80
	0.84
	0.73
	0.78



	Fine tuning
	0.83
	0.81
	0.86
	0.83
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Table 3. Resulting metrics for classical models using HOG.
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	Accuracy
	Precision
	Recall
	F1 Score





	SVM
	0.66
	0.6
	1.0
	0.74



	k-NN with 15 neighbours
	0.66
	0.6
	1.0
	0.74



	Proposed approach
	0.83
	0.81
	0.86
	0.83
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