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Skin cancer is the most common cancer worldwide. As its incidence continues to
rise, preventive efforts are essential to reduce its burden on patients and healthcare systems.
Early detection and preventive treatment for at-risk individuals can help alleviate this
burden. Several imaging methods for direct skin cancer diagnosis are under development,
with some already in clinical use; however, most require expertise in image analysis.

In terms of preventive treatment, conventional photodynamic therapy (PDT) is an effective
field treatment for precancerous lesions such as actinic keratoses (AKs) and broader field
cancerisation. However, its use is often limited by treatment-related pain. Daylight PDT
(dPDT), which uses sunlight, is nearly pain-free but less effective for treating thicker, grade
III AKs. Moreover, natural dPDT is not feasible in temperatures below 10°C, prompting the
development of indoor artificial dPDT.

This dissertation investigates the feasibility of non-invasive 3D hyperspectral imaging (HSI)
combined with automated analysis via convolutional neural networks (CNNs) to differentiate
visually similar malignant and benign skin lesions (Studies I-II). Additionally, it evaluates
the tolerability and six-month outcomes of two novel laser-mediated PDT methods for
treating AKs or field cancerisation (Studies ITI-IV).

In the pilot studies (I-II), the diagnostic accuracy of HSI-CNN was assessed in
differentiating cutaneous melanomas (CM) from benign pigmented nevi (PN), keratinocyte
cancers (KCs) from benign intradermal nevi (ID), and premalignant Bowen’s disease (BD)
from benign seborrheic keratoses (SK), with a total of 172 lesions analyzed.

In Study III, outcomes and tolerability of pulsed dye laser (PDL)—mediated PDT were
compared with conventional PDT (cPDT). Study IV compared ablative fractional laser
(AFXL)-mediated dPDT (natural or artificial) to dPDT alone for treating AKs on the head.
Both studies were intra-individual, half-side, randomized, controlled, and blinded trials
involving 115 patients in total.

The HSI-CNN method achieved high diagnostic performance: CM vs. PN with 95%
sensitivity and 97% specificity; KC vs. ID with 85—-100% sensitivity and 92—-100% specificity;
and BD vs. SK with 84% sensitivity and 94% specificity. In addition to majority-vote lesion
classification, pixel-wise analysis provided lesion maps for visual interpretation.

In Study III, PDL-PDT was significantly less effective than cPDT (48% vs. 73% lesion
clearance; p < 0.01), though less painful (p < 0.01). In Study IV, AFXL-dPDT was more
effective than dPDT alone (86% vs. 70% clearance; p < 0.01), with short-term but tolerable


mailto:vivian.lindholm@hus.fi

pain. Thick AKs (grades II-III) cleared as effectively as thin (grade I) lesions (p = 0.84), and
artificial daylight was as effective as natural daylight for illumination (p > 0.09). AFXL-
dPDT achieved comparable or better results than ¢cPDT (p = 0.58 for complete clearance; p =
0.04 for partial clearance).

This proof-of-concept HSI-CNN demonstrates high accuracy in distinguishing malignant
from benign melanocytic and keratinocytic tumors. It shows promise for immediate, non-
invasive, and operator-independent skin cancer detection, supporting both specialists in
ambiguous cases and general practitioners without specialized training. Further validation
with larger, more diverse datasets is required.

AFXL-dPDT appears to be an effective, well-tolerated, and weather-independent single-visit
treatment option for AKs of all grades, potentially outperforming cPDT. It may be
particularly beneficial for patients with extensive or severe photodamage. Adjusted
parameters in PDL-PDT could offer an alternative for patients with low pain tolerance.
Further studies are needed to optimize laser settings and enhance outcomes and tolerability.
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