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This paper proposes an objective evaluation method for cystoscopic diagnosis of bladder cancer based on transfer learning 
using pre-trained DCNN (Deep Convolutional Neural Network) model. In the proposed method, lesion detection with 
comparatively fewer cystoscope images was realized by using the DCNN model pre-trained with a large amount of general 
images as fixed feature extractor and by learning the extracted feature vectors with subsequent classifiers. In this paper, in order 
to verify the effectiveness of the proposed method, experiments using actual bladder cystoscopic images were performed. As 
a result of the experiment, the proposed method achieved 95.7% in sensitivity and 93.3% in specificity in the two-class 
classification of normal and flat lesions which are difficult to distinguish, and showed the effectiveness for the cystoscopic 
diagnosis of bladder cancer.

1.  

(TUR-BT: Transurethral 
Resection of Bladder Tumor) 2

50%

(NBI: Narrow Band Imaging) (PDD: 
Photodynamic Diagnosis)
80%~100% 60%1)

 

2)3)

 

 

2.  

Inception-v34)

Inception-v3 Google
CNN ImageNet

120 1000
TensorFlow

 
Inception-v3

Average Pooling
2048

CNN

 

(SVM: 
Support Vector Machine) (MLP: Multi-
Layer Perceptron) 2   

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

2J3-01



 

- 2 - 

 

 

3.  

3.1  
Inception-v3

2
(SVM MLP)

a
b c

 

3.2  

400x300pixels 135
177 48

80%  

3.3  

 
ROC(Receiver Operating 

Characteristic) AUC(Area Under 
the ROC Curve
Youden + -1 , 

5 5-fold Cross-Validation 1 1
 

4.  
2

SVM AUC=0.986, MLP AUC=0.99
SVM AUC=0.968 MLP AUC=0.967

SVM, MLP
  

5.  

 
 

 

JSPS JP16678973, 
JP17K16775  

 
1) [Kausch 10] Kausch I, Sommerauer M, Montorsi F, Stenzl A, 

Jacqmin D, Jichlinski P, Jocham D, Ziegler A, Vonthein R: 
Photodynamic diagnosis in non-muscle-invasive bladder 
cancer: a systematic review and cumulative analysis of 
prospective studies, Eur Urol., Vol. 57, No. 4, pp. 595-606, 
2010. 

2) [Nosato 14] H. Nosato, H. Sakanashi, E. Takahashi, M. 
Murakawa: An objective evaluation method of ulcerative 
colitis with optical colonoscopy images based on higher order 
local auto-correlation features, IEEE 11th International 
Symposium on Biomedical Imaging ISBI, pp. 89-92, 2014. 

3) [Nuno 18] Nuno R Freitas, Pedro M Vieira, Estevão Lima, 
Carlos S Lima: Automatic T1 bladder tumor detection by 
using wavelet analysis in cystoscopy images, Physics in 
Medicine & Biology. Feb 2018, Vol. 63, No. 3: 035031, 2018. 

4) [Christian 16] Christian Szegedy, Vincent Vanhoucke, Sergey 
Ioffe, Jon Shlens, and Zbigniew Wojna: Rethink-ing the 
inception architecture for computer vision, CVPR, pp. 2818–
2826, 2016. 

   
SVM MLP SVM MLP 

AUC 0.986 0.99 0.968 0.967 
Youden  0.886 0.919 0.891 0.874 

 0.931 0.949 0.957 0.957 
 0.955 0.97 0.933 0.917 

   
    

/  143 34 38 10 
 107 28 48 12 

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

(MLP)
(SVM)

(MLP)
(SVM)

1-
ROC  

(a) (b) (c) 

 

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

2J3-01


