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ABSTRACT   

Skin lesions are the most common human cancer diseases, usually, is it diagnosed by clinical visual inspections followed 

by biopsy. Early detection of these diseases is critical, depending on an accurate and trained dermatologist and can 

increase the survival rate. Aiming for screening and early diagnose skin lesions many techniques are presented, however, 

optical techniques are highlighted since they are fast and noninvasive. In this context, fluorescence steady-state and 

lifetime imaging show potential by being able to image metabolic changes using endogenous contrast. Here it is 

demonstrated an in vivo label-free multispectral fluorescence lifetime imaging system to distinguish between two types 

of clinically similar lesions. A pulsed Nd:YAG laser emitting at 355 nm is used to excite the endogenous fluorophores 

and three channels of acquisition bands are used to imaging the skin. Preliminary results showed differences in the 

fluorescence lifetime between Bowen and Actinic Keratosis as well as the lesion and the skin around, demonstrating a 

potential tool to identify the lesion and its edges. 
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1. INTRODUCTION  

Skin cancer diagnosis is a great challenge nowadays since it has the major incidence rates among all cancer types. Non-

melanoma cancer is the most incident even being less aggressive, while melanoma is one of the most lethal cancer types 

due to its high metastatic potential. Early diagnosis is the main goal in new techniques development since it is 

responsible not only by increasing life expectancy, as well as decreasing treatment morbidity1–3.  

Based on changes on roughness, skin color, exophytic areas, and anamnesis visual clinical inspection is the most 

common method for skin cancer diagnosis, it is usually followed by biopsy and histopathological validation. In spite of 

this type of detection be very fast and, if performed by a well-trained dermatologist, well accurate, it has some problems. 

They are in general difficulty in determining borders of the tumor, leading to incomplete treatment, as well as errors in 

diagnosing clinically similar lesions. Furthermore, a two-session diagnostic procedure is not efficiently managed at the 

public health system.1–3 

In this context, early diagnosis label-free fluorescence is gaining prominence since it does not depend on exogenous 

fluorophores. Main native fluorophores are collagen, elastin, NADH, and FAD, and they are related to morpho-

functional and metabolic activities they can act as intrinsic optical biomarkers. Since mitochondrial anomalies and 

dysfunction can be caused by many diseases (such as cancer, diabetes and neurodegenerative diseases) these molecules 

present a great potential as endogenous agents for diagnosis.4,5 

Aiming to distinguish clinically similar lesions this study used a multispectral fluorescence lifetime imaging system. 

Actinic Keratosis (benign) and Bowen disease (malignant) were imaged and lifetime optical biomarkers were analyzed. 

Preliminary results show regions of interest where it was possible to distinguish both surrounding healthy tissue and 

discriminate between these lesions. 

2. MATERIAL AND METHODS 

Malignant (Bowen disease) and benign (Actinic Keratosis) skin lesions of patients from Amaral Carvalho Hospital from 

Jau – SP were imaged. Lesions were chosen by a dermatologist according to both size and clinical diagnosis. Biopsy and 

histopathology were performed by the physician decision. Classification was based either on clinical or histological 

diagnosis. 
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Assembled FLIM operates on time-domain by measuring the fluorescence decays with a fast detector and digitalizer. 

Light from a Q-switched pulsed Nd:YAG laser (<1.5 ns pulses) emitting at 355 nm was used to excite native 

fluorophores. Fluorescence beam is divided into three channels by dichroic mirrors and filters (F1 – 390 ± 20 nm; F2 – 

452 ± 22 nm; F3 > 496 nm). Each one being coupled by lenses to fibers and guided to a broadband amplifier and then to 

the same MCP-PMT (Microchannel plate – Photo Multiplier Tube) in different times where the signal is recorded in 

sequence at 2.5 Gs/s, allowing resolution of 0.4 ns. Control and acquisition are performed by a LabVIEW code in a 

computer, being able to acquire images in 2.5 s (140 x 140 pixels). Filters were chosen to cover major spectral band of 

collagen and elastin (F1), NADH (F2), and FAD (F3).6 

Data was processed by correcting electronic baseline of fluorescence decay, as well as filter and fiber transmissions 

percentage average. Then, instrument response function deconvolution was performed to extract the signal of 

fluorescence decay from each emission channel. Decays were fitted by bi-exponential decay functions were parameters 

were called optical biomarkers. Exponential weights were adjusted and normalized, then only the second exponential 

weight was analyzed since it is correlated to the first exponential weight. Furthermore, area under the decay curve was 

calculated by integrating fluorescence signal on time. Integrated fluorescence ratios were also analyzed as optical 

biomarkers. Histograms of the images regions of lesion were performed to visualize differences on malignant and benign 

lesions. 

 

3. RESULTS AND DISCUSSION 

Figure 1 (a) and (b) show images of different optical biomarkers generated with FLIM data for Actinic Keratosis and 

Bowen disease respectively. Images show integrated intensity per channel in the first column, darker pixels indicate 

lower intensity values. While second column shows on false colors the average lifetimes per pixel in each fluorophore 

channel. Furthermore, third column shows ratio between channels integrated intensities.  

 

        
 

Figure 1. Maps of optical biomarkers for actinic keratosis (a), and Bowen disease (b) respectively. Images show integrated 

intensity (first column), and average lifetime (second column) for each channel (rows). Moreover, ratios between integrated 

intensities are shown in the third column. Pixel lighter colors represent higher values for each optical biomarker. 

 

It is possible to note differences between lesion region and surrounding tissue in both benign and malignant lesion 

images. Integrated intensities and its ratios show higher differences to distinguish lesion edges, while average lifetimes 

for the three channels demonstrates lower potential for margins detection.  

Histograms of each optical biomarker were generated from the regions of interest to compare pixel values between 

malignant and benign regions of interest of two images. Figure 2 show the histograms in counts of pixel values for each 

optical biomarker extracted. Benign lesion (Actinic Keratosis (AK)) histograms are represented in red, while malignant 

Proc. of SPIE Vol. 10890  108902L-2
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 11 Mar 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 
 

 

 

 

(Bowen disease) histograms are represented in black. Figure 2 shows not only integrated channels ratios but temporal 

lifetime bi-exponential decay parameters, i.e., weights of free (longer) exponential fraction (a2); longer lifetime (lt) and 

shorter lifetime (st) for each channel in rows. 

 

 
Figure 2. Comparison of Actinic Keratosis (AK), and Bowen disease optical biomarkers histograms. Benign (red squares 

and line), and malignant (black circles and line). First column shows ratio between integrated intensities of each channel. 

While the other three columns represents the bi-exponential decay parameters, i.e., weights (a2); longer lifetime (lt) and 

shorter lifetimes (st). 

 

Comparing histograms higher differences can be observed not only in integrated intensity ratios, as well as in bi-

exponential decay weights (a2), and longer lifetimes for each channel. While shorter lifetimes shows lower differences. 

This result demonstrates the potential in FLIM to distinguish between malignant and benign lesions. 

Recent works demonstrated differences between different lesions and healthy tissue. Shorter lifetimes showed higher 

differences between basal cell carcinoma and healthy tissue, as well as between squamous cell carcinoma (an advanced 

form of Bowen disease) and surrounding tissue. Furthermore, using these differences lesion borders were also delineated 
7–11. Although it was demonstrated in animal models, human skin cancer biopsies, and in vivo in human patients, 

understand such differences in clinical studies with a higher number of patients is still missing. The present study 

showed higher differences in longer lifetimes, these results demonstrates that different lesions can have changes in 

metabolic optical biomarkers. Further studies with a higher number of patients must be conducted to increase results 

significance.  

 

4. FINAL REMARKS 

Potential of assembled label-free FLIM in screening skin lesions was shown in this study. In vivo clinical 

measurements were performed in patient human skin lesions. Where a very early form of squamous cell carcinoma 

named Bowen disease was imaged, as well as Actinic Keratosis. These two lesions were chosen since they are clinically 

similar, even being malignant and benign respectively, it leads to lower accuracy of diagnosis by the physician. 

Furthermore, both lesions can be very difficult for the physician to determine borders for surgery. 

Regions of the lesion and normal skin were proven to have different endogenous fluorescence lifetime, showing, in 

general, increases in longer lifetime values. Which corroborates with literature results of ex vivo human biopsies 

measurements, as well as animal models studies. Furthermore, ratios between integrated intensity channels showed 

higher differences being able to be used as potential markers for borders detection. 

When comparing malignant and benign images, only in the regions of interest of the lesions, it can be inferred higher 

differences in longer lifetime component, as well as longer lifetime for all the three channels. Showing potential of label-

free fluorescence lifetime imaging in distinguish between malignant and benign skin cancer lesions. Moreover, a higher 
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number of patients and different lesions must be imaged in order to obtain more complete results and classify between 

lesions. 
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