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This study summarizes the development of a radiation dermatitis grading system using deep convolutional
neural network (DCNN) for Common Terminology Criteria for Adverse Events (CTCAE) that occurs in more
than 90% of patients receiving radiation therapy.

In Chapter 1, we discussed that for adverse events in the case of radiation therapy for cancer treatment, the
evaluation of radiation dermatitis is an uncertain grading assessment owing to ambiguous criteria and individual
differences caused by human evaluations. Previous studies have reported a method for learning to unify the eval-
uation of Ozono et al. and create a grading atlas as a visual evaluation standard for Zenda et al. However, human
evaluations require continuous learning and evaluations have not been performed since the creation of a grading
truss; hence, the issue of unifying evaluations persists.

In Chapter 2, we described previous research based on deep learning, which has been employed in the field of
medical imaging recently. Fujisawa et al. achieved a discrimination rate of 76.5% using a DCNN to classify 14
types of skin tumors. We discussed the importance of developing a system using the DCNN for grading radiation
dermatitis and four issues associated with realizing a system using the DCNN.

In Chapter 3, we created a data set and hybrid generation method radiation dermatitis grading support system
(Hyb-RDGS) using deep learning by employing the hybrid generation method, which is a mixture of data aug-
mentation (DA), a conventional data expansion method, and artificial case images. In response to the problem,
we developed a radiation dermatitis image selection protocol and improved the quality of DCNN learning images.
Furthermore, undersampling and oversampling using the data expansion method were performed to eliminate the
imbalance in the number of collected data. Artificial case images using Poisson image editing were generated for
grade 4 case detection, which comprises a very small number of data. Based on these results, the overall accuracy
of Hyb-RDGS was determined to be 85.1%. Moreover, the sensitivity, precision, and F1-measure were deter-
mined to be 93.3%, 84.7%, and 88.5% in the grade 4 assessment based on the performance evaluation using the
confusion matrix. Therefore, the hybrid generation method is effective. However, because this chapter excludes it
from the training image, a judgment method for multiple (grade) assessment images that have received ambigu-
ous judgment has not been developed.

In Chapter 4, we developed a system for the final grade assessment by applying the Bayesian inference to mul-
tiple models with different weights. Furthermore, the results of evaluating the accuracy of the adaptation of Effi-
cientNet, which is considered an efficient learning model, are described. The EfficientNet model is a model that
uses a composite scaling model instead of manual tuning performed using a conventional neural network. For
data expansion, we used the Rand augmentation method, which has been used in the EfficientNet model to real-
ize a highly efficient system. The resolution and data expansion method was used to perform the optimal model
creation verification. Therefore, the correct answer rate was 86.4% in the case of EfficientNet-B4, comprising a
model with 384 pixels (data set: DA). Moreover, the evaluation (confusion matrix) in grade 4 detection, which is
an issue, sensitivity (p < 0.05), and F1-measure (n.s.) decreased; however, in precision, he significantly exceeded
Hyb-RDGS (p < 0.05). Therefore, we demonstrated the possibility of an efficient radiation dermatitis grading
system that outperforms the Hyb-RDGS developed in Chapter 3. Furthermore, multiple high-precision Effi-
cientNet models can be selected for multiple (grade) assessment images and the final assessment results can be
proposed using the Bayesian estimation. The relationship between the evaluator and the system’s evaluation re-
sult was analyzed, and more than half of the evaluators obtained a 95% consensus result. Additionally, the evalu-



ator’s assessment tendency was reported as a new finding.

In Chapter 5, we compared the unified purpose of evaluating radiation dermatitis to a previous study of lesion
identification using a similar DCNN by considering the system developed in this study and described future is-
sues. Although each approach is different in research for unification purposes, the evaluation performed by hu-
mans in previous research remains the same as the subjective evaluation. However, the proposed radiation der-
matitis grading system affords an objective evaluation, allowing for an evaluation without individual differences.
Moreover, the overall accuracy obtained herein was higher than that obtained in the previous study, although the
classification class was smaller than that of the previous study using the DCNN.

In Chapter 6, the radiation dermatitis grading system using DCNN developed in this study showed the possi-
bility of realizing an effective system for radiation dermatitis grade determination. Furthermore, this grading sys-
tem can be applied not only to the evaluation of radiation dermatitis but also to the diagnosing various lesions.
The radiation dermatitis grading system based on the EfficientNet model developed in this study can become the
second or third opinion for assisting the evaluator’s assessments.



