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Abstract
Objective: New techniques have emerged to aid in preventing inadequate margins in oral 
squamous cell carcinoma (OSCC) surgery, but studies comparing different techniques are 
lacking. Here, we compared narrow band imaging (NBI) with fluorescence molecular imaging 
(FMI), to study which intraoperative technique best assesses the mucosal tumor margins.

Materials and Methods: NBI was performed in vivo and borders were marked with three 
sutures. For FMI, patients received 75 mg of unlabelled cetuximab followed by 15 mg cetuximab-
800CW intravenously two days prior to surgery. The FMI borders were defined on the excised 
specimen. The NBI borders were correlated with the FMI outline and histopathology.

Results: Sixteen patients were included, resulting in 31 NBI and 30 FMI measurements. The 
mucosal border was delineated within 1 mm of the tumor border in 4/31 (13%) of NBI and in 
16/30 (53%) FMI cases (p=0.0008), and within 5 mm in 23/31 (74%) of NBI and in 29/30 (97%) 
of FMI cases (p=0.0048). The median distance between the tumor border and the imaging 
border was significantly greater for NBI (3.2 mm, range -6.1 to 12.8 mm) than for FMI (0.9 mm, 
range -3.0 to 7.4 mm; p=0.028). Submucosal extension and previous irradiation reduced NBI 
accuracy.

Conclusion: Ex vivo FMI performed more accurately than in vivo NBI in mucosal margin 
assessment, mainly because NBI cannot detect submucosal extension. NBI adequately 
identified the mucosal margin especially in early-stage and not previously irradiated tumors, 
and may therefore be preferable in these tumors for practical and cost-related reasons.
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Introduction
Oral squamous cell carcinoma (OSCC) is the most common malignancy in the head 

and neck region, with a yearly global incidence of over 300,000.1 The preferred treatment 
consists of surgery, possibly followed by postoperative (chemo)radiotherapy, depending 
on histopathological features of the resected specimen.2 The goal of surgical treatment is 
complete tumor removal, with preservation of healthy tissue in this delicate anatomical and 
functional area. Unfortunately, inadequate margins (<5 mm) occur in up to 85% of primary 
OSCC resections, especially in locally advanced tumors,3-5 which are associated with increased 
risk of local recurrence, more aggressive adjuvant therapy and worsened disease-specific 
survival rates.6-8 Currently, surgeons rely mainly on visual and tactile information to assess the 
surgical resection margin, sometimes supported by fresh frozen sections, of which the utility 
is controversial.9 Thus, efforts are made to improve margin assessment, for example through 
optical techniques such as fluorescence molecular imaging (FMI) and narrow band imaging 
(NBI).10-12

NBI is a non-invasive technique that uses blue and green light to visualize (sub)mucosal 
vascular patterns.13-15 Filtering techniques like NBI are available on commercially available 
cameras, which allow easy switching between conventional white light imaging and NBI.16,17 
NBI uses wavelengths of 415 nm (blue) and 540 nm (green), which are maximally absorbed 
by hemoglobin and thus aid in the visualization of blood vessels,18 thereby allowing the 
detection of aberrant blood vessel patterns associated with tumor angiogenesis. NBI reaches 
a tissue penetration of 240 µm and is suitable for in vivo mucosal margin assessment of 
tumors arising from thin mucosa, such as the floor of mouth, buccal mucosa or lateral tongue, 
which comprise over 50% of OSCCs.19,20 NBI cannot visualize blood vessels ex vivo and cannot 
be used for deep margin assessment due to the absence of intraepithelial papillary capillary 
loops in the wound bed, typical for mucosal malignancies.

FMI uses exogenous fluorescent tracers specifically targeting cancer cells to visualize 
tumor up to several millimeters depth.10,12 Previous clinical trials have shown the potential of 
FMI targeting epidermal growth factor receptor, which is overexpressed in 90% of all OSCCs, 
for margin assessment in OSCC surgery.10-12 Assessment of the EGFR expression prior to FMI 
is not required. This technique can be used in- and ex vivo, since tracers specifically bind to 
tumor tissue, and remain bound even after excision of the tumor.10,21,22 Ex vivo imaging allows 
for controlled imaging parameters, and both mucosal and deep margins can be analyzed 
within minutes, which makes it suitable for intraoperative margin correction.23,24

In this study, we aimed to compare how FMI and NBI perform in mucosal OSCC margin 
assessment. Secondly, we assessed in which tumor or patient types the techniques can be 
applied best.
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Material and Methods
Clinical trial design

This feasibility study was performed at the Department of Oral & Maxillofacial Surgery 
and the Department of Otorhinolaryngology/Head and Neck Surgery of the University 
Medical Center Groningen, the Netherlands. The data were obtained from two independent 
clinical trials investigating cetuximab-800CW for margin assessment in OSCC surgery and NBI 
for the detection of (pre)malignant mucosal HNSCC lesions. Both studies were approved by 
the Institutional Review Board of the UMCG (METc 2016/395 and 2015/152) and conducted 
according to the Dutch Act on Medical Research involving Human Subjects (WMO) and the 
principles of the Declaration of Helsinki (adapted version Fortaleza, Brazil, 2013). The trials 
were registered at www.clinicaltrials.gov (NCT03134846) and www.trialregister.nl (NL6052). 
Informed consent was obtained prior to any study-related procedure. Patients with biopsy-
confirmed OSCC in an anatomic location suitable for NBI (i.e., floor of mouth, ventral tongue, 
or buccal mucosa) scheduled for tumor resection were included in this study. 

Production and administration of cetuximbab-800CW

Clinical grade cetuximab-800CW (peak excitation and emission wavelength of 778 and 
795 nm, respectively) was produced  in the Good Manufacturing Practice (GMP) facility of 
the UMCG and released by a certified Qualified Person (QP). A detailed description of the 
production process has been described previously.25 Briefly, commercially available cetuximab 
(Erbitux®) 5 mg/mL was conjugated to the near-infrared fluorescence dye IRDye800CW (LI-
COR Biosciences, Lincoln, NE, USA) and purified using PD-10 buffer exchange columns (GE 
Healthcare, Chicago, IL, USA). Cetuximab-800CW was formulated in a sodium-phosphate 
buffer at a 1 mg/mL concentration.

The study drugs were administered two days before surgery, as deemed optimal in 
our phase-I trial.10 First, patients received 2 mg of clemastine intravenously one hour prior 
to any study drug administration for safety reasons, according to standard of care cetuximab 
administration. Then, 75 mg cetuximab was administered followed by 15 mg cetuximab-
800CW one hour later. Preloading patients with unlabeled cetuximab was found to lead to 
higher tumor-to-background ratios in our previous trial.10 Patients were monitored for at least 
one hour following the last tracer administration, and a 12-lead ECG was obtained to evaluate 
QTc time. If no complications occurred, patients were discharged.

Intraoperative imaging

Tumor borders were consecutively assessed by NBI and FMI (Fig. 1). NBI-endoscopic 
procedures were performed under general anesthesia, using an Olympus HD camera head 
with a 0°, 5.4 mm telescope and Evis Exera CLV-180 light source (Olympus BV, Zoeterwoude, 
the Netherlands).26 Three sutures were placed to delineate the tumor based on in vivo NBI 
signal (i.e., Takano’s classification types III and IV). These were placed on selected areas of the 
tumor where sutures could be placed relatively easily. Although the resection margins could 
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not be analysed in their entirety, this method allows for clinical point-to-point comparison 
with subsequent ex vivo FMI. All NBI examinations were performed by the same head and 
neck surgical oncologist specialized in NBI [BP]. 

After NBI assessment, a wide-field fluorescence imaging system (Explorer Air, SurgVision, 
Groningen, the Netherlands) was used for in vivo imaging. Subsequently, back-table FMI was 
performed on the freshly excised specimen using a closed-field imaging system with an 800 
nm channel for cetuximab-800CW detection (Pearl-Trilogy®, LI-COR BioSciences Inc., Lincoln, 
NE, USA). The mucosal border of the fluorescence signal was determined by the average of 
in triplicate manual delineation. The location of the NBI based suture was scored as within, 
on or outside the FMI border. After completion of all imaging procedures, the specimen was 
submitted to the Department of Pathology for formalin fixation.

Figure 1. Overview of study workflow.

A) Overview of intraoperative imaging workflow. Two days prior to surgery, patients were intravenously administered 
with 75 mg of cetuximab and 15 mg of cetuximab-800CW. Then, in vivo NBI and FMI was performed, in these pictures 
a left sided floor of mouth cancer was depicted. During NBI, the tumor border was identified and marked with surgical 
sutures. These were clearly visible on the excised specimen. B) On the location of the sutures, incisions were made 
on the excised specimen. The specimen was cut into tissue slices. Here, the incisions placed parallel to the slicing 
(yellow arrowhead) could not be identified on the H&E, but the incision perpendicular to slicing could. After paraffin 
embedding, these tissue slices were cut in 4 μm tissue sections (bold dotted line is the corresponding tissue slice) and 
NBI incisions (red arrowheads) and FMI results were correlated with histopathology.
Abbreviations: NBI, narrow band imaging; FMI, fluorescence molecular imaging.
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Figure 2. In vivo narrow band imaging and fluorescence molecular imaging.

A) White light and narrow band images of a patient with a tumor on the buccal mucosa. The dotted line indicates 
the tumor border defined by white light imaging (left) and NBI (right). The red arrows indicate aberrant blood vessel 
patterns suspicious for tumor. B) White light and fluorescence images of the same patient. Imaging was performed 
at 20 cm from the tissue of interest, optimal for FMI. The white rectangles indicate the sutures placed based on NBI. 
Increased fluorescence signal is observed in the tumor.
Abbreviations: NBI, narrow band imaging; FMI, fluorescence molecular imaging.

Specimen imaging and correlation with histopathology

Incisions were made on the ex vivo formalin-fixed specimen on the location of the NBI based 
sutures to be able to relocate them during microscopic examination (Fig. 1B). Subsequently, 
the specimen was sliced in 3 mm thick tissue slices which were embedded in paraffin. Only 
incisions placed perpendicular to the direction of specimen slicing could be included for further 
analysis since only these demarcations can be visualized with tumor simultaneously (Fig. 1B). 
The formalin-fixed, paraffin embedded tissue blocks were scanned in a fluorescence flatbed 
scanner (Odyssey-CLx®, LI-COR BioSciences Inc., Lincoln, NE, USA). Tissue sections of 4 µm thick 
were cut and Hematoxylin & Eosin (H&E) stained for histopathology.

FMI signal was delineated on the tissue block images using different thresholds of 25%, 
50%, and 75% of the maximum value within each tissue block. This was done on the first two 
patients, to determine the optimal correlation between the tumor and FMI border. The optimal 
value was used for all patients to allow for standardized analysis of results. The NBI incisions 
and ex vivo FMI borders in the tissue blocks were cross-correlated with histopathology.  
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To evaluate the clinical impact, the distance between the NBI border and tumor border was 
measured, irrespective of tumor depth. To ensure head-to-head comparison, the FMI distance 
to the tumor border was measured at the same site of the NBI based incision.

The mucosal resection margins were measured on all tumor slices according to 
standard of care. The clinical border was defined as the surgical resection margin minus 5 mm 
as measured on the H&E tissue section. Final histopathological margin status was classified as 
tumor-positive (<1 mm), close (1-5 mm) or tumor-negative (>5 mm), according to the Royal 
College of Pathologists.27

Statistical analysis

FMI analysis was performed using ImageJ Fiji (version 2.3.0/1.53f ). Data were tested 
using the Mann-Whitney test for non-parametric data, and presented as median values with 
ranges, in millimeters. For statistical analysis and graph design, GraphPad Prism (version 9.2.0, 
GraphPad Software Inc, San Diego, California, USA) was used.

Results
Study population

Between May 2019 and April 2021, 16 patients were included. Six patients were female 
(38%), and the median age was 68 (29 to 82) (Table 1). The cohort consisted of T1 (n = 8), T2  
(n = 4), T3 (n = 1) and T4 (n = 3) tumors. These were located on the lateral tongue (n = 12), floor 
of mouth (n = 3) and buccal mucosa (n = 1). Seventeen out of 48 NBI measurements were lost 
due to standard of care surgery and pathology workup. In these cases, the suture was either 
placed outside the clinical excision margin of 1 cm (n=4) or the suture was placed parallel to 
the direction of the tissue slicing of the specimen during pathology processing, and could 
therefore not be included in the tissue section (n=13) (see Figure 1B). Of these 31 remaining 
measurements, one FMI measurement was lost due to photobleaching of the tissue slice, 
resulting in 30 FMI measurements. We found three grade 1 adverse events (one related to 
the study drug) and three serious adverse events, all unrelated to any study procedure. In 
histopathological examination, in 1/16 patients a positive mucosal surgical margin was found 
(<1 mm), in 8/16 patients a close margin (1-5 mm), and in 7/16 a clear surgical margin (>5 mm).

Distance between tumor border and the NBI and FMI defined mucosal borders

In 26 out of 31 (84%) cases the NBI border was delineated outside the tumor. In these 26 
cases, the median distance between the NBI border and tumor border was 3.1 (0.3 to 12.8) mm. 
In five cases the suture was placed within the tumor, at a median distance of -3.5 (-0.6 to -6.1) 
mm. A representative example of our imaging results is shown in Figure 2.

In the first two patients (five measurements), a threshold of 50% of the maximum value 
led to the best results for the FMI border, with a median distance of 6.0 (0.7 to 13.3) mm 
between FMI and tumor border.
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To estimate the clinical accuracy of both techniques, the number of measurements set 
within 1 mm and 5 mm (i.e., corresponding to a positive and close surgical resection margin) 
of the tumor border were scored. NBI borders were set less frequently both within 1 mm of 
the tumor border than FMI (4/31 and 16/30, respectively; p=0.0008), and 5 mm of the tumor 
border (23/31 and 29/30, respectively; p=0.0048) (Fig. 3). The FMI border was defined outside 
the tumor border in 23 out of 30 (77%) cases, and within the tumor in seven cases. This was 
not different from the performance of NBI (p=0.72). In these 23 cases, the median distance 
between FMI border and tumor border was 1.1 (0.0 to 7.4) mm. In the seven cases the median 
distance was -0.4 (-0.1 to -3) mm. The median distance from the tumor border to all 30 FMI 
borders was significantly shorter than the median distance to all 31 NBI borders (0.9 vs 3.0 
mm, p=0.028). The clinical border to the tumor was set within the tumor in 3/30 cases. The 
average distance of the clinical border to the tumor was 6.4 mm, significantly larger than both 
NBI and FMI (p=0.046 and p<0.0001, respectively).

Table 1. Patient demographics and tumor characteristics of all patients.

Characteristic n
Median age, y (range) 68 (29-82)

Female, n (%) 6 (38)

History of radiotherapy in head and neck area, n (%) 4 (25)

Tumor location, n (%)
Lateral tongue
Floor of mouth
Buccal mucosa

12 (75)
3 (19)

1 (6)

T-classification, n (%)
T1
T2
T3
T4

8 (50)
4 (25)

1 (6)
3 (19)

Median invasion depth, mm (range) 5.8 (0.9-20)

Diameter, mm (range) 22.5 (4-50)

Ex vivo whole specimen correlation of NBI and FMI

In order to also compare NBI to FMI on the whole specimen rather than only in 
histopathology, all NBI sutures were evaluated in relation to the FMI borders on the whole 
specimen. Out of the 30 FMI measurements that could be correlated to histopathology, 19 
NBI sutures were placed outside the FMI border on the whole specimen, and of these 16 were 
also set outside the FMI border on the tissue section. In two cases, the NBI suture was set 
within the FMI border, and these were also set within the FMI border on the tissue section. For 
the nine sutures placed on the FMI border on the whole specimen, the median distance to 
the tumor was 0.2 (-3.1 to 6.6) mm on the tissue slice.
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Figure 3. Correlating imaging results to histopathology.

A) Excised specimen of a tumor in the buccal mucosa tumor (see also Figure 2). The top row shows the white light 
images with the NBI based sutures (white rectangles). On the tissue section the incision is indicated with a red arrow, 
the distance from the incision to the tumor border was measured. The bottom pictures show an FMI image of the 
whole specimen, and the correlation of FMI results to histopathology. The black dotted line indicates the tumor as 
indicated by white light (whole specimen) and H&E (tissue section). The white dotted line indicates the fluorescence 
border. B) Scatterplot of the distance of all NBI and FMI measurements to the tumor border, compared to the tumor 
border determined by clinical assessment using white light imaging (resection margin minus 5 mm).
Abbreviations: NBI, narrow band imaging; FMI, fluorescence molecular imaging.

Influence of radiotherapy on imaging results

In our cohort, 4/16 patients had been treated with radiotherapy (RT) of the oral cavity 
prior to participation in the study. All NBI and FMI borders were set outside the tumor border 
in the four post-RT patients. The median distance between tumor and NBI border was 
significantly larger in the post-RT group (4.4 (1.9 to 10.9) mm) compared to the non-RT group 
(2.7 (-6.1 to 11.6) mm) (p = 0.04). In the post-RT group, 44% of NBI borders were placed at 
>5 mm from the tumor border compared to 9% in the non-RT group. For FMI, the median 
distance from the FMI to the tumor border was also significantly larger in the post-RT group 
with 11% of borders placed at >5 mm of the tumor border (2.0 (0.6 to 4.2) mm) compared to 
the non-RT group (0% >5 mm, 0.6 (-3.0 to 7.4) mm) (p = 0.003) (Fig. 3).

Imaging defined borders in relation to adjacent dysplasia

The mucosa between the imaging defined borders and the tumor border was evaluated 
in all tissue sections. The tissue was classified as healthy mucosa, inflamed, grade of dysplasia 
(high and low), or unidentifiable. In patients with high grade dysplasia, the border was 
defined outside both tumor and dysplasia in 4/5 cases for NBI and 5/5 cases for FMI. The 
histopathological grade of dysplasia for did not affect imaging performances.
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Influence of tumor characteristics on imaging results

The distances between the tumor border and the NBI and FMI borders were compared 
between mucosally and submucosally extending tumors. For NBI, the distances between the 
tumor border and the NBI border was non-significantly larger in the mucosal group (3.1 (-3.5 
to 12.8) mm) compared to the submucosal group (2.0 (-6.1 to 4.5) mm) (p = 0.09). In the two 
cases where the suture was placed in malignant mucosa, the distances between the NBI and 
tumor border were -3.5 and -1.2 mm (i.e., <5 mm). The other three sutures were placed within 
submucosal extension, in two cases at >5 mm from the tumor border (-0.6, -5.8, and -6.1 mm). 
In FMI, we observed no difference in distances between tumors extending into the mucosa 
(0.7 (-0.9 to 4.2) mm) and into the submucosa (0.3 (-3.0 to 7.4) mm) (p = 0.37). The influence of 
T-classification on distance to the tumor border was compared in early-stage tumors (T1-T2) 
and locally advanced tumors (T3-T4). For NBI, we observed no difference in distance between 
early-stage tumors (2.5 (-3.5 to 12.8) mm) compared to locally advanced tumors (3.4 (-6.1 to 
11.6) mm) (p = 0.82). In FMI, we observed a non-significant tendency for early-stage tumors 
(1.2 (-0.9 to 7.4) mm) to have a larger distance compared to locally advanced tumors (0.6 (-3.0 
to 3.8) mm) (p = 0.059). A comparison of imaging characteristics is provided in Table 2.

Table 2. Comparison of narrow band imaging and fluorescence molecular imaging

Narrow band imaging Fluorescence molecular imaging
Penetration depth 240 μm Up to several mm

Accuracy + ++

Margin assessment Mucosal Mucosal and deep

Wide field imaging Yes Yes

Ex vivo imaging No Yes

Acquisition time Real-time Real-time

Availability On standard endoscopes Requires fluorescence cameras

Invasive No Yes

Risks None Possible adverse reaction to tracer 
administration

Preparation None Administration of contrast agent

Tumor location Selected locations with thin mucosa All OSCCs

Tumor size Most suitable for early-stage tumors Suitable for early-stage and locally 
advanced tumors

Extra costs None Cameras and fluorescent tracers
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Discussion
This study shows a head-to-head comparison of NBI and FMI for intraoperative margin 

assessment in OSCC patients. We demonstrate that FMI is more accurate compared to NBI in 
assessing mucosal tumor borders, since FMI borders are determined significantly more often 
within 1 and 5 mm of the actual tumor border compared to NBI. Maintaining a wider surgical 
resection (i.e., 5 mm after resection, which is standard of care) margin around the imaging-
based delineations would have overcome tumor-positive mucosal resection margins in 
nearly all cases. This image-guided tumor delineation would have resulted in only two (6%) 
tumor-positive resection margins for NBI and none for FMI, which demonstrates that these 
techniques have potential to reduce current tumor-positive margin rates of 12-43% reported 
in standard of care surgery.3-5

A few studies report on NBI for surgical margin assessment in OSCC.13-15 Tirelli et al. 
showed in OSCC and oropharyngeal SCC that NBI led to a more widely set margin (11±3 
mm) compared to white light imaging alone, and resulted in only one tumor-positive margin 
(6.3%) for NBI, while cancer was found in 62.5% of patients in the area between the white light 
and NBI margin.13 Evaluating our NBI results, the median distance to the tumor was 3.2 (-6.1 to 
12.8) mm. The slightly wider NBI margins could be a result of field cancerization and related 
changes that may have occurred on molecular level, but may not appear in histopathology 
yet. On molecular level, a study of Farah et al. showed that mRNA and miRNA expression 
profiles have fewer abnormalities and had a greater biological distinction to tumor in surgical 
margins determined by NBI compared to more conservative margins determined by white 
light in OSCC.28 Moreover, clustering of differentially expressed genes by principal component 
analysis revealed that none of the NBI margin samples were clustered with tumor samples, 
while 22% of the white light margin samples were.14 The two missed cases, i.e. where the 
NBI border was set within the tumor at a distance greater than 5 mm from the tumor border, 
were both submucosally extending tumors. The inability of NBI to detect these tumors can 
be explained by the limited penetration depth of NBI (240 µm). Standard of care preoperative 
imaging or palpation can, however, detect submucosal extension and may be used for patient 
selection. Previous studies suggest that NBI is a safe technique resulting in considerably 
lower tumor-positive margins than conventional white light examination.13-15 We find that 
this is the case, especially in early-stage primary tumors with no submucosal extension. In 
tumors without submucosal extension, surgical resection based on NBI margin assessment 
would have resulted in no tumor-positive margins. NBI (or other filtering systems) are already 
available, non-invasive and is easy to use by the push of a button on the endoscope and is 
already available and approved for clinical use.

We have shown excellent sensitivity and accuracy for FMI, with most measurements set 
within 1 mm of the tumor, and all within 5 mm, resulting in no missed tumor-positive margins. 
This was also observed in previous FMI studies for margin assessment during OSCC surgery. 
Fakurnejad et al. reported on intraoperative, back-table, EGFR-targeted FMI for mucosal 
margin assessment.29 In their approach, the areas showing the highest fluorescence signals on 
the mucosal margin, which they defined as the sentinel margin, correlated with significantly 
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shorter tumor margin distances than areas showing low fluorescence signal. Furthermore, they 
demonstrated that FMI showed improved margin assessment compared to the surgeon.30 
Also, in a study of our group,10 all cases with a tumor-positive resection margin (<1 mm) were 
identified using back-table FMI, which contained both mucosal and deep margins.

In previously irradiated patients, none of the imaging defined borders were set within 
the tumor. However, all NBI borders of >5 mm occurred in this post-RT group, and distances 
between tumor and NBI borders were significantly larger. External beam radiation potentially 
alters the normal arrangement of the blood vessels, and hampers the identification of 
intraepithelial papillary capillary loops, which are NBI characteristics for malignancies.31 For 
FMI, the influence of (chemo)radiotherapy has been studied during fluorescence endoscopy. 
It has been shown that residual tumor could still be adequately identified using fluorescence 
in patients with incomplete response, when compared to patients with a complete 
response.32 Furthermore, our results suggest that both NBI and FMI adequately identify high 
grade dysplasia.

In our relatively small study population, only 5/31 measurements contained high grade 
dysplasia. Comparing both techniques for detecting high dysplasia would be especially 
interesting, since we expect it to be included in the NBI defined border (high grade dysplasia is 
hardly distinguishable from malignant tissue), but also in FMI, where higher fluorescent signal is 
seen with increasing grade of dysplasia.33 In our cohort, high grade dysplasia was identified in all 
cases of FMI and in 4/5 of NBI, which makes a comparison on a larger scale promising. 

For the clinical application of NBI and FMI in OSCC, we found that NBI performs well in 
high grade dysplasia and smaller, early-stage tumors, since in these cases no tumor-positive 
margins were missed. NBI fails to detect submucosal extension, and deep margin assessment 
is not possible. We therefore think that NBI can be especially useful in early-stage tumors for 
mucosal surgical margin assessment. Moreover, since NBI endoscopes are available in more 
institutes than FMI cameras, NBI can be used more readily for mucosal margin assessment 
than FMI. NBI is cheaper and does not require the administration of exogenous tracers.

FMI is more accurate in delineating the tumor border. It performs well in both locally 
advanced and early-stage tumors, and it can be used for both mucosal and deep margin 
assessment. Currently, it does come with more logistic challenges than NBI. Therefore, it is 
most suitable for clinically challenging, locally advanced tumors where tumor-positive 
margins are anticipated.

Conclusion
In summary, FMI seems more accurate in defining the mucosal tumor borders than NBI. 

However, NBI adequately identified the mucosal tumor borders in early-stage primary tumors. 
Ultimately, both techniques show adequate margin detection compared to standard of care, 
which reduces the risk of local recurrence, and may improve patient prognosis.
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