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Papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC) are both well-

differentiated tumors and together account for up to 88% of all cases of thyroid cancer [1]. The collagen 

capsule surrounding PTC or FTC nodules is an important histopathologic feature that provides valuable 

information about the malignancy, invasiveness of the tumor, and prognosis for cure. Wide field second 

harmonic generation microscopy enables label-free, rapid visualization of collagen networks in cancer 

tissue sections on centimeter-sized areas with submicrometer resolution. Applying machine learning 

algorithms to the large datasets of SHG images can help identify specific features associated with either 

PTC or FTC, enabling accurate diagnosis of well-differentiated thyroid carcinomas. In the present study, 

we applied three monolithic (logistic regression, RG; C-support vector classifier, C-SVC; and a 

multilayer perceptron MLP) and three ensemble (random forest, RF; eXtreme gradient boosting, 

XGBoost and light gradient-boosting machine, LightGBM) classifiers to (i) diagnose PTC and FTC 

based on the texture features of SHG images of collagen networks in the whole scans of thyroid tissue 

sections, (ii) analyze how the heterogeneity of collagen structure within the capsules and the similarities 

between PTC and FTC affect the prediction performance of the models, and (iii) to evaluate the 

feasibility of SHG-based discrimination between PTC and FTC. Three different approaches were 

applied to pre-process the data, aiming at accurate selection of collagenous structures for training and 

testing the models. The best performance was achieved by the C-SVC, MLP and XGBoost models with 

accuracies of 84.73%, 81.76% and 81.42%, respectively, when forming the training and validation sets 

considering the heterogeneity of the capsules as a whole, with the C-SVC model showing the best 

classification performance on the completely unknown dataset. Similarities in the textural features of 

PTC and FTC nodules and the heterogeneity of collagen structures throughout the capsule complicate 

the diagnosis of PTC and FTC. The developed predictive models can serve as a reliable complement 

to histopathologic examinations to enable accurate diagnosis. 
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