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ANALYSIS OF OPTICAL DIFFERENCES BETWEEN 
HEALTHY AND MALIGNANT OROPHARYNGEAL TISSUE 

USING AUTOFLUORESCENCE SIGNALS  
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In the last years, there has been an increasing interest in the application of Laser 
Induced Autofluorescence (LIAF) as a noninvasive method for identifying alterations 
in biochemistry and tissue structure changes. Using a single case of oropharyngeal 
squamous cell carcinoma, we carried out an initial assessment to see if this method 
can show the differences between malignant and non-malignant tissue. The study 
focused on the application of the experimental methodology and preliminary 
comparative interpretation of the fluorescence response in healthy and malignant 
adjacent tissue and is not intended to statistically validate the technique. We 
developed and followed a standardized experimental protocol, adjusting technical 
factors such as excitation intensity, detection setup and sample thickness. The 
objective of this study is to evaluate the feasibility of the experimental methodology 
and to determine whether the observed optical differences sustain future studies 
involving larger patient cohorts.  
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1. Introduction 

Oropharyngeal cancer represents a distinct subset of head and neck 
malignancies arising from the oropharynx, which anatomically includes the base of 
the tongue, palatine tonsils and tonsillar pillars, soft palate, and the posterior 
pharyngeal wall [1]. In recent decades, the epidemiology of oropharyngeal cancer 
has undergone significant changes, with an increasing incidence particularly 
attributed to human papillomavirus (HPV) related disease [2]. Traditionally, the 
development of oropharyngeal cancer has been strongly associated with well-
established risk factors such as tobacco use and excessive alcohol consumption [3]. 
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However, a growing proportion of cases are now linked to high-risk HPV 
infection, particularly HPV-16, which is recognized as a major etiological factor in 
oropharyngeal squamous cell carcinoma [4]. 

Oropharyngeal cancers are represented in most of the cases by squamous 
cell carcinomas (SCCs). Oral squamous cell carcinoma (OSCC) can be keratinizing 
and non-keratinizing SCCc [5]. Keratinizing SCCs are usually associated with 
chronic tobacco and alcohol consumption.  They show keratin pearl formation, 
intercellular bridges, and marked cellular atypia. In contrast, non-keratinizing SCCs 
are often associated with high-risk HPV infection, especially HPV-16. Non-
keratinizing SCCs display different morphological features, including basaloid cell 
populations, minimal keratinization, and increased mitotic activity [6]. 

Notably, HPV-positive oropharyngeal SCCs are now recognized as a 
distinct clinical and biological entity, often associated with better response to 
treatment and a favorable prognosis compared to HPV-negative SCCs [7]. 

The diagnosis of oropharyngeal cancer is made by performing a clinical 
examination and imaging investigations such as Computed Tomography (CT) and 
Magnetic Resonance Imaging (MRI). These are mandatory accompanied by 
endoscopy and confirmed by histopathological biopsy which is the gold standard in 
cancer diagnosis. Even if these medical examinations are essential for diagnosis and 
staging, they have also some limitations. Imaging techniques may have reduced 
sensitivity for detecting early mucosal changes and biopsy is an invasive method 
and may not fully capture the tumor heterogeneity [8,9,10].  

Despite all the advances in diagnostic and therapeutic strategies, early 
detection and accurate characterization of malignant lesions remain challenging. 
This led to a major interest in auxiliary diagnostic approaches. Among these, optical 
techniques show particular promise. They may enable real-time, non-invasive 
assessment of changes in morphology and biological structure of the tissue [11].    

Laser Induced Auto-Fluorescence (LIAF) is a non-invasive optical imaging 
method that showed encouraging potential in the diagnostic of oral cancer [12]. By 
detecting endogenous fluorescence signals in biological tissues, this technique can 
offer information about tissue changes. These changes appear at the level of the 
oropharyngeal mucosa [13]. Autofluorescence is stimulated by intrinsic 
fluorophores such as NADH, FAD, collagen, and elastin. Their concentration and 
distribution change during malignant transformation. These changes result in 
metabolic shifts, including increased proliferation and redox imbalance. They also 
indicate changes in the extracellular matrix. As a result, malignant tissue shows 
different autofluorescence patterns compared to healthy mucosa [14]. By 
visualizing these changes, LIAF enables real-time tissue characterization and aids 
in differentiating between healthy and malignant regions. Without altering the 
conventional diagnosis, this method can be a complementary tool, for guiding 
biopsies and enhancing the detection of early or subtle lesions [15]. 
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Early detection of oropharyngeal cancer is important for improving patient 
survival and quality of life, as the patient’s response to the treatment is more 
effective when the disease is identified at an early stage [16]. 

This study provides an overview of LIAF applications in oropharyngeal 
cancer. It includes a case-based analysis of a patient with oropharyngeal squamous 
cell carcinoma. The aim is to evaluate the ability of LIAF to detect differences in 
autofluorescence patterns between healthy and malignant tissue. Because the study 
was limited to a single patient case, the statistical analyses are presented as 
exploratory observations. They should not be considered representative of 
population-level conclusions. This work aims to encourage future research on non-
invasive diagnostic approaches.  

 
2. Materials and methods 

The case presented in this study is about a 70 years old male known with a 
history of base of tongue carcinoma. He was previously treated with radiotherapy 
and chemotherapy. He presented in the ENT Department with findings suggestive 
of local recurrence. Clinical examination and CT-scan results indicated recurrent 
oropharyngeal disease. A biopsy was performed and confirmed a poorly 
differentiated, non-keratinizing basaloid squamous cell carcinoma with infiltrative 
and ulcerative features. Considering the patient’s history, the current treatment 
consisted of salvage surgery represented by total laryngectomy extended to the base 
of the tongue, followed by adjuvant chemotherapy. 

 

 
 

Fig. 1. Invasive squamous cells carcinoma (poorly differentiated) (low power field – 
x10): tumor showing infiltrative anastomosing cords (blue arrow) with loss of squamous 

maturation/architecture in a stroma with desmoplastic response (black arrow) 
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Fig.2. Invasive squamous cells carcinoma (poorly differentiated) (high power field -  
x40): tumor showing cells with marked nuclear pleomorphism (black arrow) and atypical mitoses 
(red circle); invasion into the stroma by a pushing border pattern of infiltration, occasionally with 
individual infiltrating cells (blue arrow); desmoplastic stroma with abundant lymphoplasmocytic 

inflammatory response 
 
For this study, tissue samples were collected intraoperatively and 

transferred unfixed in order to preserve their optical properties. The tissue 
specimens were immediately cryopreserved. They were sectioned using a Laica 
cryostat at a thickness of 30 μm. Sections from the same specimen were prepared 
during the same cutting session to minimize thickness related variability. Paired 
samples were processed in the same manner. The samples were mounted unfixed 
and unstained on microscope slides. Samples showing necrosis or preparation 
artifacts such as folding and tissue fragmentation identified at microscope 
evaluation, were not considered in this study. All the samples were labeled and 
transported on dry ice to National Institute for Laser, Plasma, and Radiation Physics 
(INFLPR). They were analyzed within 24 hours, following a single freeze–thaw 
cycle to minimize the degradation effects. 

LIAF measurements were made using an optical setup that involves 
controlled laser excitation and sensitive fluorescence detection, as shown in Fig. 3. 
We used a ps pulsed laser source at 375 nm (Alphals, PicoPower LD-375-50), 
operated at 31 MHz, 87 ps full width at half maximum, and 0.5 mW average power 
with the purpose to excite endogenous fluorophores (e.g., NADH, FAD. The laser 
beam of 1.6×1.8 mm spot was directed vertically onto the tissue surface, and a 
second mirror placed below the UV transparent substrate (1 mm thickness) reflected 
the transmitted beam to increase irradiation. The autofluorescence signal was 
collected through two optical fibers (Ocean Optics, M93L02 1500 μm) positioned 
at 45° angles by high sensitivity detectors such as photomultiplier module 
(Hamamatsu, H-6780-02) coupled with an oscilloscope (Tektronix, DPO7254 2.5 
GHz), and a spectrograph (Acton Research, Spectra Pro SP2750) equipped with an 
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intensified - CCD camera (Princeton Instruments, PIMAX 1024) for lifetime and 
spectral analysis. To discriminate the LIAF signal from the scattered laser signal, a 
Log pass filter at 425 nm was used in the signal collection path for the 
photomultiplier. Laser and acquisition parameters were kept fixed to ensure 
reproducibility, and the automated XY linear translation stage was software 
controlled to perform a matrix-scan of the sample. The signals that were recorded 
were then processed to obtain fluorescence lifetime and spectra. Samples were 
scanned in a matrix with 2 mm spacing. The number of steps on OX and OY was 
adjusted to sample size for a uniform surface coverage (Fig. 3, inset). Signals were 
collected from up to 22 points and each averaged over 200 laser pulses. Signal 
acquisition was synchronized through a TTL signal from the laser diode driver. The 
acquired data were processed with dedicated software and used to analyze lifetime, 
and intensity and spectral variations allowing identification of tumoral (T) and 
healthy (H) tissue differences, and suggesting the use of LIAF as a tool for optical 
tissue evaluation [13, 17]. 

 

     
Fig.3. Setup of spectral and lifetime investigation of the tissue autofluorescence using a double-

pass laser beam irradiation geometry and signal acquisition at 45o; the inset, schematic 
representation of matrix scan. 

3. Results 

Two healthy (H1, H2) and two tumoral (T1, T2) tissue samples were 
collected and studied. LIAF spectra were obtained in real time for all samples. 
Improving the discrimination between the two types of tissues was possible by 
averaging multiple individual spectra.  
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Fig. 4. Average autofluorescence intensity for tumoral (T) and healthy (H) tissues, each with two  

replicates (1 and 2).  

The two LIAF spectra, respectively healthy (H1) and malignant (T1), show 
a similar profile, with a broad emission band with maximums at 450–460 nm as it 
can be observed in Fig. 4. The healthy samples exhibit higher fluorescence 
intensity, especially near the main peak. This emphasizes changes in the 
endogenous fluorophores and tissue microstructure. The clear spectral separation in 
the blue and green regions supports the potential of LIAF as an optical method for 
tissue discrimination. 

                  
Fig. 5. Distribution of (a) fluorescence intensity for individual spectra during matrix scan of the 

sample, and (b) average autofluorescence intensity for T and H tissues samples. 
 

Point-by-point sample scanning for fluorescence intensity analysis shows a 
consistent distinction between non-malignant (H1) and malignant (T1) tissues as 
illustrated in Fig.5 (a). In most spectra, healthy samples display higher intensity 
values than malignant ones. Both tissue types exhibit variability in fluorescence 
intensity, but healthy samples tend to show higher peak values and greater 
dispersion. Several healthy spectra reach markedly elevated intensities, while 
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malignant measurements remain within a lower range. This supports the averaged 
analysis, confirming that the differences are also present at the level of individual 
spectra. 

The box-plot in Fig. 5(b) shows the distribution of autofluorescence 
intensities for H1 and T1 tissues. Healthy samples have a higher median intensity 
and a wider interquartile range, indicating both increased signal and greater 
variability. In contrast, malignant tissue exhibits lower, more consistent intensity 
values. 

Table 1 
Statistical comparison of the fluorescence intensity for T1, H1 

Tukey Test 
 Mean Diff SEM q Value Prob Alpha Sig LCL UCL 

Inten
sity 

39078.783
18 

11971.
27544 

4.61653 0.00216 0.05 1 14936.
36165 

63221.20471 

Fisher Test 
 Mean Diff SEM T Value Prob Alpha Sig LCL UCL 

Inten
sity 

39078.783
18 

11971.
27544 

3.26438 0.00216 0.05 1 14936.
40539 

63221.16097 

As represented in table 1, the statistical analysis, Tukey and Fisher tests, 
revealed a significant difference in fluorescence intensity between H1 and T1 
tissues. The mean difference was approximately 39,078 ± 11,971 (SEM), with both 
tests yielding p = 0.00216, confirming statistical significance at α = 0.05. The 95% 
confidence interval (≈14,936 to 63,221) excludes zero, indicating that the observed 
difference is unlikely due to random variation. 

 

Fig.6. Distribution of average fluorescence lifetime for T and H tissues samples for the 
two replicates. 
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The box-plot representation of fluorescence lifetime measurements reveals 
a clear distinction between T1 and H1 tissue samples as in Fig.6. The non-malignant 
tissue exhibits a noticeably higher median fluorescence lifetime compared to the 
malignant tissue, indicating a systematic decrease in excited-state decay times 
associated with malignant transformation. 

 

 

Table 3 
Statistical analysis of fluorescence lifetime measurements for T1, H1- Tukey Test 

 Mean 
Diff 

SEM q Value Prob Alpha Sig LCL UCL 

Lifetime 0.97905 0.32122 4.31045 0.00402 0.05 1 0.33034 1.62776 
 

Table 4 

Statistical analysis of fluorescence lifetime measurements for T1, H1- Fisher Test   
 Mean 

Diff 
SEM T Value Prob Alpha Sig LCL UCL 

Lifetime 0.97905 0.32122 3.04795 0.00402 0.05 1 0.33034 1.62776 

Statistical analysis of fluorescence lifetime reveals a significant difference 
between T1 and H1 tissues. The overall ANOVA method indicates that this effect 
is significant, by demonstrating that the null hypothesis of equal means as in table 
two can be rejected. Post-hoc tests confirm the result as seen in tables three and 
four: Tukey (mean difference ≈ 0.979 ± 0.321, p = 0.00402) and Fisher (t = 3.05, p 
= 0.00402).  

The averaged LIAF spectra for H2, represented by the black curve, 
respectively T2, depicted with the red curve, reveal clear differences in fluorescence 
intensity across the investigated wavelength range. This can be observed in Fig. 4. 
Both tissue types exhibit a broad emission band with maximum intensities around 
450–460 nm, followed by a progressive decrease in fluorescence intensity toward 
longer wavelengths. 

Table 2 

Statistical analysis of fluorescence lifetime measurements for T1, H1- Overall ANOVA 

 DF Sum of Squares Mean square F Value Prob>F 

Model  1 9.85288 9.85288 9.28999 0.00402 

Error 41 43.48423 1.06059   

Total 42 53.33712    
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Point-by-point sample scanning in the Fig. 5(a) corresponding to the second 
replicate shows independent patterns between T2 and H2 tissues, with higher 
degrees of changes than in the first case. Healthy samples exhibit pronounced 
variations and higher intensity peaks. In contrast, malignant tissue displays lower, 
more stable, and tightly clustered intensity values. Despite some overlap, healthy 
tissue generally shows higher maxima and greater variability.  

The box-plot analysis of fluorescence intensity in the Fig. 5(b) for the 
second replicate reveals differences between T2 and H2 tissue samples. The healthy 
tissue shows a higher median fluorescence intensity compared to the malignant 
tissue, indicating a decrease in autofluorescence associated with tumor presence. 

 
Table 5 

Statistical comparison of the fluorescence intensity for T2, H2 
Tukey Test 

 Mean 
Diff 

SEM Q Value Prob Alpha Sig LCL UCL 

Intensity 32144.
63471 

13487.
95661 

3.37037 0.02176 0.05 1 4924.7909
2 

59364.47
851 

Fisher Test 
 Mean 

Diff 
SEM T Value Prob Alpha Sig LCL UCL 

Intensity 32144.
63471 

13487.
95661 

2.38321 0.02176 0.05 14924.
83627 

4924.8362
7 

59364.43
315 

Statistical analysis of the second replicate shows a significant difference in 
fluorescence intensity between malignant and non-malignant tissues, with higher 
mean values in healthy samples. Post-hoc tests confirm this as shown in table 5: 
Tukey (mean difference ≈ 32,145 ± 13,488; p = 0.02176) and Fisher (t = 2.38; p = 
0.02176). At α = 0.05, the difference is statistically significant. 

The box-plot representation of fluorescence lifetime measurements for the 
second replicate in the Fig. 6 reveals differences between H2 and T2 tissue samples. 
The malignant tissue exhibits a lower median fluorescence lifetime compared to the 
non-malignant tissue.  

 
 

Table 6 
Statistical analysis of fluorescence lifetime measurements for T2, H2- Overall ANOVA 

 DF Sum of square Mean square F Value Prob>F 
Model  1 3.47384 3.47384 15.41176 3.23531 
Error 41 9.24148 0.2254   
Total 42 12.71532    
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Table 7 
Statistical analysis of fluorescence lifetime measurements for T2, H2- Tukey Test 

 Mean 
Diff 

SEM q Value Prob Alpha Sig LCL UCL 

Lifetime 0.56861 0.14484 5.55189 3.23606 0.05 1 0.2761 0.86113 
 

Table 8 
Statistical analysis of fluorescence lifetime measurements for T2, H2- Fisher Test 

 Mean 
Diff 

SEM T Value Prob Alpha Sig LCL UCL 

Lifetime 0.56861 0.14484 3.92578 3.23531 0.05 1 0.2761 0.86113 

Statistical analysis of fluorescence lifetime in the second replicate reveals 
differences between malignant and non-malignant tissues. One-way ANOVA 
confirms this effect (F = 15.41, p = 3.24 × 10⁻⁴) that can be seen in the table 6. Post 
hoc tests support the result as in the tables 7 and 8: Tukey (mean difference ≈ 0.57 
± 0.145; p = 3.24 × 10⁻⁴) and Fisher (t = 3.93; p = 3.24 × 10⁻⁴). 

4. Conclusions 

The present study represents a subsequent stage of the research previously 
reported in [13], extending the investigation of laser-induced autofluorescence 
(LIAF) in upper aerodigestive tract malignancies to a new clinical case of 
oropharyngeal squamous cell carcinoma. The purpose of including this additional 
case was to evaluate whether the optical differences observed previously between 
malignant and non-malignant tissues could also be identified under similar 
experimental conditions in an independent sample. The results obtained are 
consistent with the findings reported in the previous work, showing comparable 
variations in autofluorescence intensity and fluorescence lifetime between healthy 
and tumoral tissues. Preliminary differences in fluorescence response were 
observed between the investigated paired tissue types. These findings suggest that 
malignant tissue is associated with reduced autofluorescence intensity compared to 
healthy tissue, reflecting biochemical and structural alterations occurring during 
tumor transformation. The present investigation was limited to a single patient case 
and was not intended to establish statistically validated diagnostic criteria or clinical 
application. The main purpose of the study was to evaluate the experimental 
methodology and to figure if the observed optical behavior justifies further studies 
in larger patient cohorts. Overall, while preliminary, the results of this study suggest 
that LIAF may represent a promising approach for supporting the evaluation of 
malignant and non-malignant oropharyngeal tissues. Future studies involving 
additional samples will be necessary to further assess the reproducibility and 
potential relevance of the proposed approach.  
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