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Abstract
Statement of the problem: One in five Americans and two in three Australians are diagnosed with skin cancer during their lifetime. Non-Melanocytic Skin Cancer (NMSC), including Basal Cell Carcinoma (BCC) and Squamous Cell Carcinoma (SCC), is the most common cancer in the U.S., the U.K. and Australia. The overall sensitivity for the clinical diagnosis of NMSC is only 56–90%. Moreover, the accuracy of the clinical diagnosis of malignant melanoma, even by dermatologists, is 49–81%. Although various skin cancer detection devices have been proposed, most of them are not used owing to their insufficient diagnostic accuracies. 
Methodology & theoretical Orientation: Laser-Induced Plasma Spectroscopy (LIPS) can noninvasively extract biochemical information of skin lesions using an ultrashort pulsed laser. A Q-switched Neodymium-doped Yttrium Aluminum Garnet (Nd:YAG) laser with a wavelength of 1064 nm and pulse duration of 4 ns was used to irradiate the skin tissue and generate microplasma plumes. A laser beam with a diameter of 3 mm was focused on the target skin lesion using a plano-convex lens, anti-reflection coated at 750–1550 nm. The microplasma emission induced from the tissue was collected and delivered to the bifurcated optical fiber. In vivo LIPS spectra were acquired from 296 skin cancers (186 BCCs, 96 SCCs and 14 melanomas) and 316 benign lesions in a multisite clinical study. The diagnostic performance was validated using 10-fold cross-validations. 
Findings: The sensitivity and specificity for differentiating skin cancers from benign lesions using LIPS and the DNN-based algorithm were 94.3% (95% CI: 91.6–96.9%) and 88.6% (95% CI: 85.1–92.1%), respectively. No adverse events, including macroscopic or microscopic visible marks or pigmentation due to laser irradiation, were observed. 
Conclusion: This LIPS system with a DNN-based diagnostic algorithm is a promising tool to distinguish skin cancers from benign lesions with high diagnostic accuracy in real clinical settings.
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