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Introduction

Spermatogenic staging and assessment of testicular toxicities in rat tissue sections are time-consuming and requires the
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segmentation of tubules, germ cells and various lesions. The details of the parameters, network architectures and training datasets
used are given in Table 1. A network architecture for the HistNet [1] model is shown in Figure 1.

H&E-stained WSI was in accordance with the expert pathologist’s results
on H&E and PAS-stained sections (Precision, Recall and F1 score ).
*. A high value of F1 score indicates a high value for both Recall and

The AUCs and various statistical parameters based on ROC analysis showed high scores, suggesting that the performance
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Figure 3: Identification of the Head and Tail Parts of the Epididymis Figure 4: Recognition of Sperm and Cell Debris in the Epididymis

The model was able to recognize head (green) and tail (red) parts of the
epididymis at low magnification.

The model was able to recognize and quantify the head of the sperm (yellow)

m [esticular Lesion Detection , | AL . low)
and cell debris (red) in the epididymal duct of the head part at high magnification.

m DL-based models were trained for the detection of various lesions

Figure 8: Comparison of quantitative values of the detected findings in the testis or epididymis with the histological
diagnostic grade by pathologists
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the ROC curve, binary diagnostic results by the pathologists were classified into four classes: true positive, false positive, false
negative, or true negative for each finding. The statistical parameters, including the F1-score, were calculated (Table 4).

m For the 119 WSIs, the quantitative values of each finding in the testis or epididymis generated from the model were compared with the
histological diagnostic grade diagnosed by the pathologists (Figure 8).

m Quantitative values for 3 major parameters (Abnormal tubules in the testis, Sperm and Cell Debris in the epidymis) to evaluate
testicular toxicity were generated for each dose group (vehicle, low, mid and high dose levels) in each study. Testicular toxicity was
then diagnosed by the pathologists and the quantitative values were compared for each dosing group (Figure 9).

Discussion & Conclusions

v This model had a high performance in classifying and quantifying the 11 stage groups of spermatogenesis in H&E slides accurately and
faster than manual staging in accordance with the pathologists’ results.

v The solution provided an automated, objective and accurate method for toxicological assessment in the rat testis and epididymis.
Moreover, the model was able to accurately detect and quantify even the very slight changes observed in the testis sections. Results 1% Se00h GAYS S s 68 BATRS
correlated well with the pathologist’s grading, with good F1 scores. & a0 CREBLL L8 SN e,
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Figure 9: Comparison of quantitative values of findings per group (vehicle to high dose level) with presence of
testicular toxicity diagnosed by the pathologists in each study

Vertical axis on the left side shows % (mean value for each group) of abnormal tubules in the Testis, and Vertical axis on the
right side shows % of sperm and debris in epididymal duct lumen of the epididymis. The horizontal axis indicates
presence/absence of testicular toxicity diagnosed by pathologists. (N: absent, P: present). Black bar: Abnormal tubules in testis,
Dark gray bar: Sperm in epididymis, Gray bar: Cell debris in epididymis.

(N: absent, P: present) (Williams’ test; *: p < 0.05, **: p < 0.01)

Compounds A to C: There were significant differences in Abnormal tubules, Sperm or Debris values from Mid dose level.
Compound D: There were significant differences in Abnormal tubules and Debris values at High dose level.

Compound E: There were significant differences in Abnormal tubules and Debris values from Low dose level and Sperm value
at High dose level.

Compound F: There were significant differences in all the findings-values at High dose level.

The groups with significantly different quantitative values and those with testicular toxicity diagnosed by pathologists
were all consistent.
Quantitative values perfectly explained testicular toxicity diagnosed by the pathologists.

OO . e 0Py o

i, [/ RN T e e S References

f 1 -
-, # i 1 # -'\I"' A
| e iy Bl

Figure 6: Detection of Drug-induced Lesions (A case of slight testicular
toxicity)

The model was able to clearly recognize and quantify Degeneration/ Necrosis
of germ cell (blue), Tubular Atrophy (red) and Multinucleated giant cell (yellow)
in the testis. (without Spermatogenic Stage-detection view)

> This study suggests that this deep learning-based model is able to classify the stage groups of spermatogenesis and detect
various findings simultaneously on a WSI scanned at 40X of rat testis/epididymis with high statistical performance even
though the findings are very slight. The model could be a useful and supportive tool for histopathological evaluation,
especially for primary testicular screening in early toxicity studies in rats.
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testicular toxicity)

The model was able to recognize and quantify Tubular Atrophy (red),
Vacuolation of Sertoli cell (green) and Multinucleated giant cell (yellow) in the
testis. (without Spermatogenic Stage-detection view)
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