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            Abstract
Neural networks promise to bring robust, quantitative analysis to medical fields. However, their adoption is limited by the technicalities of training these networks and the required volume and quality of human-generated annotations. To address this gap in the field of pathology, we have created an intuitive interface for data annotation and the display of neural network predictions within a commonly used digital pathology whole-slide viewer. This strategy used a â€˜human-in-the-loopâ€™ to reduce the annotation burden. We demonstrate that segmentation of human and mouse renal micro compartments is repeatedly improved when humans interact with automatically generated annotations throughout the training process. Finally, to show the adaptability of this technique to other medical imaging fields, we demonstrate its ability to iteratively segment human prostate glands from radiology imaging data.
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                    Fig. 1: Iterative H-AI-L pipeline overview.[image: ]


Fig. 2: H-AI-L pipeline performance analysis for glomerular segmentation on holdout mouse WSIs.[image: ]


Fig. 3: H-AI-L human annotation errors (mouse data).[image: ]


Fig. 4: Multiclass nuclei prediction on a mouse WSI.[image: ]


Fig. 5: Multiclass IFTA prediction on a holdout human renal WSI.[image: ]


Fig. 6: H-AI-L method performance analysis for human prostate segmentation from T2 MRI slices.[image: ]


Fig. 7: Annotation time-savings using the H-AI-L method while comparing to baseline segmentation speed.[image: ]
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                Data availability

              
              We have made the data used for analysing the performance of H-AI-L method available at https://goo.gl/cFVxjn. The folder contains a detailed note describing the data. Namely, the folder contains pathology and radiology image data used for training and testing our H-AI-L method, ground-truth and predicted segmentations of the test image data, network corections and respective annotations of the training image data for different iterations, and the network models trained at different iterations. We have made our code openly available online at https://github.com/SarderLab/H-AI-L.
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