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CHAPTER 2

Abstract
Early and accurate identi�cation of head and neck squamous cell carcinoma (HNSCC) is 
important to improve treatment outcomes and prognosis. New optical imaging techniques 
may assist in both the diagnostic process as well as in the operative setting by real-time 
visualization and delineation of tumor. Narrow Band Imaging (NBI) is an endoscopic 
technique that uses blue and green light to enhance mucosal and submucosal blood vessels, 
leading to better detection of (pre)malignant lesions showing aberrant blood vessel patterns. 
Fluorescence optical imaging makes use of near-infrared �uorescent agents to visualize and 
delineate HNSCC, resulting in fewer positive surgical margins. Targeted �uorescent agents, 
such as �uorophores conjugated to antibodies, show the most promising results. The aim of 
this review is: (1) to provide the clinical head and neck surgeon an overview of the current 
clinical status of various optical imaging techniques in head and neck cancer; (2) to provide 
an in-depth review of NBI and �uorescence optical imaging, as these techniques have the 
highest potential for clinical implementation; and (3) to describe future improvements and 
developments within the �eld of these two techniques.
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Introduction
Delay in diagnosis of head and neck squamous cell carcinoma (HNSCC) ultimately 

results in advanced stage tumors with poorer survival. Despite extensive treatments, this 
consequently leads to higher treatment-related morbidity.1 Identi�cation of early (pre)
malignant lesions is generally recognized as essential in HNSCC. In the past decades, much 
attention has been devoted to developing optical techniques to detect lesions at an early 
stage and correctly diagnose suspicious lesions. Recent technological developments in 
optical imaging have enabled new possibilities for early detection, better classi�cation, and 
intraoperative tumor margin delineation. The main advantage of optical techniques over 
conventional radiologic imaging techniques is the potential to detect super�cial mucosal 
lesions before being visible on scans. As conventional imaging techniques cannot be used 
intraoperatively, optical techniques for visualization of tumor borders and identi�cation of 
tumor tissue during surgery is desirable.

In this review we aim to provide a brief overview of current optical techniques with real-
time applicability for the detection and optical visualization of HNSCC tumors intraoperatively. 
Moreover, Narrow Band Imaging (NBI) and near-infrared (NIR) �uorescence imaging will be 
discussed more extensively, since these techniques are gaining more interest in clinical use 
because they provide wide-�eld real-time visualization.

Techniques with real-time applicability
New techniques with real-time applicability have been attempted in order to better 

detect or delineate a primary HNSCC for the purpose of either mucosal or deep margin 
assessment during surgery (Fig. 1). Optical techniques can currently be divided into 
techniques that use surface or subsurface visualization of the target tissue, quantify optical 
properties or expose tissue characteristics by adding optical agents into the tissue.2,3 The 
various optical imaging techniques function optimally within a certain range of the light 
spectrum. Wavelengths in the visible light spectrum (<650 nm) are absorbed by hemoglobin 
and absorption by components such as water and lipids are within the infrared range (>900 
nm).4 The optimal window for �uorescent dyes is therefore in the near infrared (NIR) spectrum 
(700-900 nm), in which light may travel up to millimeters rather than micrometers.5

For tumor delineation and visualization there are several mucosal staining methods. 
Lugol�s iodine solution stains normal mucosa brown but leaves dysplastic epithelium white 
or pink in color as a result of decreased glycogen in these tissues.6 In the detection of oral SCC 
and dysplastic lesions an 88% sensitivity and 84% speci�city were found and it was shown to 
reduce the incidence of dysplasia in mucosal surgical margins (Table 1).7,8 The low speci�city 
can be attributed to areas with in�ammation, hyperkeratosis and mucus, as these cause the 
tissue to remain unstained.8 Lugol has not been applied widely due to its low speci�city and 
limited applicability in the oral cavity, since it can only be used in non-keratinized epithelium. 
Moreover, in other HNSCC sites it poses the risk of aspiration into the airway.9 Toluidine blue 
has an a�nity for nucleic acids. As dysplastic and abnormal tissues have higher RNA and DNA 
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content, they show more intense staining than healthy tissues.10 A recent meta-analysis found 
only a 75% sensitivity and 60% speci�city for the detection of oral lesions.11 Toluidine blue 
therefore has, like Lugol, limited clinical bene�ts.

Although not strictly optical imaging, Intraoral ultrasound is a method that is 
increasingly used for determining the mucosal and deep resection margins of oral tongue SCC 
with promising results.12 In a systematic review, eight out of ten studies showed a signi�cant 
correlation between ultrasonographically measured and histologic tumor thickness. Best 
results are obtained in vivo and in two studies comparing with MRI, ultrasound was more 
precise. The results, however, need to be validated in prospective studies using the same 
methodology. A limiting factor for the application of ultrasound intraorally is the proximity of 
bone or salivary glands, which compromises the interpretation of the images. As ultrasound 
is not an optical imaging technique, it is not discussed further here.

Optical coherence tomography (OCT), analogous to ultrasound, uses re�ecting 
coherent light to make cross-sectional images of the underlying architecture in real-time with 
a penetration depth of 0.5-2 mm.13-15 It is best used in the oral cavity due to its accessibility, 
where epithelial thickening may indicate malignancy.16 In a healthy larynx it can identify the 
di�erent layers; however, in laryngeal cancer the boundary of the basal membrane is lost and 
leads to unrecognizable structures, hampering identi�cation and diagnosis.17 In vivo sensitivity 
and speci�city rates of 100% were found for the detection of oral SCC, compared to 93% 
and 69% for dysplastic lesions, respectively.18 A limitation of OCT, however, is that it cannot 
di�erentiate between malignancy and in�ammation.16 OCT is still far from implementation 
in everyday clinical practice, as there is no classi�cation to consistently diagnose lesions and 
since results need to be validated.

Auto�uorescence can be detected due to endogenous �uorophores, such as structural 
proteins. Most of the auto�uorescence is emitted between 450-650 nm and disappears 
beyond 1500 nm.19 The endogenous �uorophores appear in green when excited by ultraviolet 
light or visible light radiation of certain wavelengths.20,21 Pre-cancerous and malignant 
lesions appear as red-violet caused by an altered metabolism in tumor cells, less collagen in 
neoplastic lesions emitting fewer photons, and due to a loss of �uorescent signal resulting 
from epithelial thickening (blocking excitatory blue light).20,22 In a meta-analysis of oral lesions 
a 78% sensitivity and 48% speci�city were found and auto�uorescence had a lower area under 
the curve than regular clinical examination (p = 0.0023).11 The low speci�city may be caused 
by interpretation errors of images due to variety in auto�uorescence caused by scar formation, 
minimal amounts of blood, bacterial overgrowth and in�ammation, limiting its clinical bene�t 
compared to white light examination.21

Raman spectroscopy is based on the fact that photons are scattered at a di�erent 
wavelength (up or down wavelength shift) due to energy loss while interacting with the 
vibrational modes of certain molecules (inelastic scattering).23 This shift in wavelength is 
measured and called the Raman scatter. In a pilot study, Raman spectroscopy was able to 
di�erentiate (pre)malignant oral lesions from normal tissue with a 100% sensitivity and 77% 
speci�city.24 In a small study of laryngeal biopsy specimens, a 90% sensitivity and 92% speci�city 
was found for the detection of laryngeal SCC.25 Although these results seem promising, 
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analyzing an entire specimen may take up to several hours, in vivo accessibility is di�cult as 
only rigid scopes can be used, and interpretation of results is more mathematical than visual. 
To analyze a specimen more quickly, the number of measurements could be reduced by 
sampling spectroscopy data only in speci�c areas of interest with a focus on spectral features 
associated with the presence of cancer cells (such as water content). In this manner, a 99% 
sensitivity and 92% speci�city was found in the detection of tongue SCC, as tumor tissue had 
higher water content than healthy tissues.26 Raman spectroscopy has not yet been developed 
for commercial applications and the �rst system for surgical guidance in head and neck tumors 
was expected to be ready for clinical trials in 2019.27,28 Due to the rather technical nature of 
spectroscopy and non-visual applications, including the interpretation of results, this does 
not fall within the scope of this review. Raman spectroscopy, as other spectroscopies such 
as inelastic re�ectance spectroscopies, may, however, serve as an additional tool supporting 
visual observations since spectroscopic techniques have the capacity to provide quantitative 
measurements, whereas visual techniques are at best semi-quantitative.

From the above-described optical techniques, Narrow Band Imaging (NBI) and 
Fluorescence optical imaging are currently most widely and continuously studied in clinical 
trials by a multitude of academic centers, re�ecting a higher possibility of adaptation into 
routine clinical use in the foreseeable future. We therefore focus the review more on these 
two techniques. 

Table 1. Sensitivity and speci�city rate for each imaging technique per HNSCC site.

Technique Oral Cavity Oropharynx Hypopharynx Larynx

Sens Spec Sens Spec Sens Spec Sens Spec

Lugol 887 847 - - - - - -

Auto�uorescence 92-9891,92 76-9291,92 - - - - 91*20 84*20

Raman spectroscopy 10024,93 77-9324,93 - - 7594 7594 9025 9225

OCT 90-10014,18 87-10014,18 - - - - 80-8895,96 89-9495,96

Narrow Band Imaging 76*47 92*47 76*47 92*47 82*34 92*
34 90*39 90*39

NIR �uorescence imaging 97-100�73,77 74-91�73,77 91~90 91~90 91~90 91~90 91~90 91~90

* meta-analysis; - no sensitivity and speci�city rate found in literature for this site; � using IRDye800CW; ~ using 
indocyanine green; Abbreviations: HNSCC, head and neck squamous cell carcinoma; OCT, optical coherence 
tomography; NIR, near-infrared; Sens, sensitivity; Spec, speci�city. Sensitivity and speci�city rates in percentage (%).
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Figure 1. Overview of the setup and visual interpretation of the various techniques.

A) Lugol: a) unstained squamous cell carcinoma in oral cavity, b) dysplastic areas, c) normal parakeratinized mucosa, 
d) normal orthokeratinized mucosa (reproduced from McMahon et al., by permission of Elsevier)8; Auto�uorescence: 
B) oral cancer of the tongue with loss of �uorescence and C) normal tongue mucosa (reproduced from Huang et 
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