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Results and discussion

Problem description 

Abstract
This thesis aims to build up a pipeline for distinguishing ovarian cancerous tumors from ovarian benign tumors in CT images by using deep learning. For this purpose, we develop a body parts 
partition algorithm to find the breakpoints of body parts by using wavelet transform. Only a few body parts annotations are needed in this algorithm. The prediction errors of lower pelvis, 
upper pelvis, and middle abdomen are of medians approximately 4 slices or 2 cm. We use this algorithm to crop images to some parts related to ovarian cancer, such as pelvis and lower 
abdomen, for the preprocessing of deep learning. Then we train deep learning models and provide cross-validation results. Overall, the mean validation AUCs are approximately 0.86 and the 
mean test AUCs are approximately 0.81 by using DenseNets [1] and SENet [2].

Ovarian cancer is one kind of cancer that forms in the ovary, which is one of the most dangerous cancer for women. In Taiwan, the number of death in ovarian cancer is ranked number seven 
in female cancer. In recent years, due to the improvement of medical science and techniques, mortality of some other kinds of cancer is decreasing. However, the mortality of ovarian cancer is 
increasing since ovarian cancer is difficult to early diagnosis. When a patient gets some warning signs and consults an gynecologist for ovarian cancer, the cancerous tumor has often spread 
within pelvic or even abdomen. According to the statistics of Ministry of Health and Welfare (R.O.C.), the mortality of ovarian cancer is even higher than cervical cancer in 2019 (updating in 
2020/06/16). Hence, early detection of ovarian cancer is a crucial task for helping people.

In medical science, there are researches that aim at ovarian tumors. [3] aimed to find features in computed tomography (CT) scan for the use in differential diagnosis. [4] extracted features, 
such as deviation and entropy, from ultrasound using computer aided diagnostic (CAD) techniques and classify ovarian tumors by decision tree. [5] uses clinical data and decision tree for 
diagnosis of ovarian cancer, which did not use medical image. But using machine learning to classify ovarian tumors in CT images was still not a mature domain.

CT is a common medical images used in many situations and it can be used to detect ovarian cancer. Therefore, we build up an analysis pipeline for distinguishing ovarian malignant tumors 
from ovarian benign tumors in CT images. However, CT scan contains a lot of organs as well as features and CT images may capture different body parts from case to case, so choosing 
meaningful parts from CT images is important to build up a deep learning classifier. Otherwise, deep learning models tend to just overfit the training set.

In many medical image analysis tasks, image segmentation is an important step for either preprocessing or interpretability. However,  image annotation of ovaries and ovarian tumors are 
difficult, even by manual segmentation, since it is hard to define the ground truth. To deal with this problem, we propose the body parts partition algorithm which uses wavelet transform to 
extract features from bone signals and air signals and aligns signals between cases by solving a minimization problem. With the registration results, we can propagate the body parts annotation 
from one reference case to many other query cases. In which case, we do not need image annotation of ovaries as well as ovarian tumors but we can still obtain the pelvis part in CT images.
Finally, we train deep learning models to classify tumors.
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During our research, Dr. Lin from CGMH labeled some body parts annotation 
for some cases that are difficult to segment bone. We used the annotation as 
ground truth to develop the algorithm.

We choose a case as reference case and propagate the annotation to other 
images by using the registration result. The registration result is shown in the 
figures. Note that even the bone segmentation is not perfect, but the registration 
is still good enough.

We show some statistics of the errors in each body part in a table. Note that we 
remove some outliers to make sure that the statistics make sense. The outliers 
include problems such as leg CT, bone voxels being low intensity, artifact.

From the body parts partition, we crop CT images by two strategies. The first 
strategy is to crop CT images to pelvis and the second one is to crop CT images 
to pelvis and lower abdomen.

Finally, we show the ROC AUC score of 5-fold cross-validation models in the 
form 𝑚𝑒𝑎𝑛 ± 𝑠𝑡𝑑 in the second table.
Overall, the validation set AUCs are approximately 0.85 and the test set AUCs 
are approximately 0.81.
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We propose the body parts partition algorithm and use this algorithm to crop the CT images to pelvis and lower abdomen as preprocessing of deep learning models. The error of our algorithm is approximately 5 axial 
slices or 2.5 cm in lower pelvis, upper pelvis, and central abdomen. 
With the preprocessing, we train deep learning models to classify ovarian tumors by using famous architectures, DenseNets and SENet. We obtain an overall test set AUC is approximately 0.81 in the cross-validation 
results. Which shows deep learning and our analysis pipeline has the potential to detect ovarian cancer.
We may obtain better performance by fine tuning the hyperparameters in the future.
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