
 

AI algorithms and optical imaging
technology: A promising approach to
intraoperative cancer diagnosis
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The figures depict images of invasive ductal carcinoma, mucinous carcinoma,
and papillary carcinoma, respectively. Despite the variations in tissue structures
among different tumor types, the activated regions of the model corresponded to
the areas of yellow malignant cell aggregation. Scale bar = 100 µm. Credit:
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Rapid and accurate intraoperative diagnosis is critical for tumor surgery
and can provide precise guidance for surgical decisions. However,
traditional intraoperative assessments based on H&E histology, such as
frozen sections, are time-, resource-, and labor-intensive, and involve
specimen-consuming concerns. D-FFOCT is a high-resolution optical
imaging technology capable of rapidly generating virtual histology.

In a recent study published in Science Bulletin, led by Professor Shu
Wang (Breast Center, Peking University People's Hospital), researchers
introduced an intraoperative diagnostic workflow. This approach
employed deep learning algorithms to classify tumors based on D-
FFOCT images, enabling rapid and accurate automated diagnosis.

In a prospective cohort, a total of 224 breast samples were included in
their study and imaged using D-FFOCT. The acquisition of the D-
FFOCT images was non-destructive and did not require any tissue
preparation or staining procedures. The D-FFOCT slides were cropped
into patches.

All slides were divided into training set (slides: n=182; patches:
n=10,357) and external testing set (slides: n=42; patches: n=3140)
according to the collection time order. Five-fold cross-validation method
was used to train and fine-tune the model. A machine learning model,
employed after feature extraction of patch prediction results, was
utilized to aggregate the patch-level results to the slide level.
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Frozen section involves tissue transport, intricate specimen preparations and
manual interpretation, requiring approximately 30 min for total processing and
resulting in tissue destruction. Their pipeline could provide a diagnosis in
approximately 3 min. Moreover, compared to traditional pathology, their novel
workflow substantially decreased the labor requirements for the surgical
procedure while preserving the entire tissue sample for postoperative
examinations. Credit: Science China Press

In the testing set, the diagnostic performance of their model at the patch
level was relatively good for determining the nature of breast tissue, with
an AUC of 0.926 (95% CI: 0.907–0.943). At the slide level, the overall
diagnostic accuracy in the testing set was 97.62%, with a sensitivity of
96.88%, specificity of 100%. No statistically significant differences in
accuracy were observed for different molecular subtypes and histologic
tumor types of breast cancer.
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Visualization heatmaps indicated that deep learning models learned
relevant features of metabolically active cell clusters in D-FFOCT
images, which was consistent with expert experience. This deep-learning-
based image analysis could potentially transfer to various other tumor
types, as the features detected in the model appeared to be conserved
characteristics in oncology diagnosis. In the margin simulation
experiment, the diagnostic process takes approximately 3 min, with the
deep learning model achieving a high accuracy of 95.24%.

Based on the above results, this study proposed an intraoperative cancer
diagnosis workflow that integrates D-FFOCT with the deep learning
model. In simulated intraoperative margin diagnosis, this workflow
achieved a total processing time of approximately 3 min, decreasing the
time to diagnosis by a factor of 10 compared to conventional
intraoperative histology. Additionally, it proved to be remarkably labor-
cost-effective.

No tissue destruction occurred during optical imaging and analysis. In
summary, this workflow provides a transparent means for delivering a
rapid and accurate intraoperative diagnosis and, potentially serving as a
potential tool for guiding intraoperative decisions.

  More information: Shuwei Zhang et al, Potential rapid intraoperative
cancer diagnosis using dynamic full-field optical coherence tomography
and deep learning: A prospective cohort study in breast cancer patients, 
Science Bulletin (2024). DOI: 10.1016/j.scib.2024.03.061
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