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Breast cancer is the most frequently diagnosed malignancy in Japanese women, affecting approximately
90,000 individuals per year, making appropriate diagnosis and treatment essential. Pathological diagnosis
plays an important role in breast cancer therapy. We have developed a novel device using an alternating
current (AC) electric field allowing complete rapid immunohistochemical staining (R-THC), in just 16 min,
rather than the 2 hours required for the conventional procedure. In principle, antibodies are mixed within
microdroplets as the voltage is switched on and off in a time series, thereby increasing contacts between the
antibody and antigen because the shape of microdroplets is transformed. This technique is not only rapid
but also yields stable dying and the amount of antibody can be reduced. Using this technique for
intraoperative diagnosis of sentinel lymph nodes (SN) in breast cancer, sensitivity was confirmed to be
higher than that of HE staining.

In addition, immunohistochemistry (IHC) facilitates detection of metastatic lesions, thereby decreasing
the workload of pathologists. On the other hand, although a pathological diagnosis system using deep
learning has recently been validated, no research has focused on utilizing the R-ITHC method for breast
cancer. We aim to develop technology combining the advantages of R-IHC with deep learning algorithms.
Another goal is deep learning algorithms for IHC, which is necessary for determining the optimal breast
cancer treatment strategy, and for developing a comprehensive pathological diagnostic device.

1) Sentinel lymph node biopsy (SNB) of breast cancer: we will develop deep learning algorithms allowing
calculation of the metastatic area using R-THC datasets of SNB in our institution (632 lymph nodes from
260 patients). When the system has been established, diagnosis based on deep learning and the knowledge
of pathologists will be performed prospectively in our institute, and a concordance rate is to be determined.
Al with R-THC offered 100% sensitivity, 99% specificity, and 92% accuracy. 2) R-IHC of breast cancer:
We will develop a deep learning algorithm that calculates the score of each IHC procedures from 236
datasets at our institute. Diagnosis by deep learning and pathologists will be performed on these 4000~
5000 pathological data samples, and the diagnostic concordance rate between the algorithm and the
pathologists will also be determined. Highly accurate results were obtained with a sensitivity of 82 to 96%,
a specificity of 87 to 93%, accuracy of 71 to 95%, and an AUC of 0.79 to 0.99.

We believe that the combination of R-THC technology and Al diagnosis, which is rapid, accurate, and cost

effective, will lead to dramatic improvements in diagnostic technology.



