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Fig. 1. Representative T2-weighted MR images of the rat testis (a-c) and hematoxylin-eosin
(HE) stained specimens (d-f, original magnification x 400) MR image acquired 8 weeks after
saline administration (a) shows tubular structures with low signal walls and high signal lumens.
Blood vessels appear as low signal structures. The tubular structures seem thinner at 4 weeks af-
ter doxorubicin (DOX) administration (b). Further, they become even thinner and occasionally
obscured at 8 weeks after DOX administration (c). The representative seminiferous tubule at 8
weeks after saline administration looks normal and is composed of numerous germ cells and Ser-
toli cells. Sperms are present in the lumen (d). At 4 weeks after DOX administration, the tubule
is moderately atrophied because of the reduction of germ cell population by DOX toxicity,
however considerable number of sperms remains in the lumen (e). At 8 weeks after DOX ad-
ministration, the tubules are severely atrophied (f). Note no sperms are present in the lumen.
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Table. Sixteen selected image features of which the useful set to classify testicular MR images consists

Type of images from which the corresponding
image features were extracted

Description of image features

Sobel-filtered
Sobel-filtered & segmented by Otsu’s method

Sobel-filtered & segmented by Otsu’s method
Original
Sobel-filtered & segmented by mean intensity

Original
Original
Original

Original

Sobel-filtered

Original

Segmented by mean intensity
Segmented by 50-percentile thresholding

Segmented by Otsu’s method

Original
Original

Standard deviation of signal intensity

Arithmetic mean of signal intensity in the blobs consisting
of segmented pixels

Median of signal intensity in the blobs consisting of seg-
mented pixels

Maximum coeflicient in the ring of intensity correlation
spectrum (inner diameter =4, outer diameter =8)

Standard deviation of signal intensity in the blobs consist-
ing of segmented pixels

Statistical Geometric Feature (SGF)®), max_value (NC_1)
SGF, max_value (NC_0)

Range of coeflicient in the ring of intensity correlation
spectrum (inner diameter =10, outer diameter =14)

Minimum signal intensity
Difference between frequent intensity and mean intensity

Ratio of maximum value and median value in the ring of
intensity correlation spectrum (inner diameter =4, outer
diameter = 8)

Weighted average of major axis length of blob consisting
of segmented pixels

Total minor axis length of the blobs consisting of seg-
mented pixels

Skewness of signal intensity in the blobs consisting of seg-
mented pixels

SGF, average_value (DISP_0)

Minimum coeflicient in the ring of intensity correlation
spectrum (inner diameter =4, outer diameter =8)

Features are listed in the order of importance for the classification.
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The Feasibility of a Novel Machine Learning Algorithm Named CARTA
in Classifying MR Images of Chemotherapy-damaged Testes based on
Seminiferous Tubular Morphology [Presidential Award Proceedings ]

Masayuki YAMAGUCHI!, Natsumaro KUTSUNAZ2, Seiichiro HASEZAWAZ,
Hirofumi Fuji!

1Division of Functional Imaging, Research Center for Innovative Oncology,
National Cancer Center Hospital East
Kashiwanoha 6-5—1, Kashiwa, Chiba 277-8577
2Department of Integrated Biosciences, Graduate School of Frontier Sciences, The University of Tokyo

We investigated the feasibility of a machine-learning technique for classifying magnetic resonance
(MR) images of testes with normal and chemotherapy-damaged seminiferous tubules. We acquired a
total of 654 testicular MR images in rats administered either doxorubicin or saline and used a novel
supervised machine-learning technique named Clustering-Aided Rapid Training Agent (CARTA) to
classify the images into those displaying normal and moderately and severely atrophied seminiferous
tubules. The overall accuracy of the CARTA classification, 83.9%, was superior to that of an ex-
aminer’s interpretation of 65.1%. Therefore, CARTA can be utilized to differentiate testicular MR
images that display doxorubicin-damaged seminiferous tubules and healthy seminiferous tubules.
MR image-based classification of testicular tissues could assist the clinical management of
chemotherapy-damaged testes in cancer survivors who are infertile.
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