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Introduction

The main goal of oncologic surgery rem
tumour, with macroscopically adequate su
current surgical standard in the oral cavit
a resection with a macroscopic margin of 1 cm [2–4], 1.5 cm [5]
or 2 cm [6–8] in the three dimensions, both superficially and dee-

tion, substantial progress has been made in the last ten yea
the development and optimization of innovative imaging
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Objectives: In oncological surgery, a three-dimensional resection 1.5–2 cm from the gross tumour edge is
currently considered appropriate, and the status of resection margins is the most reliable indicator of
radicality. Awareness of ‘‘field cancerization’’ calls for a re-evaluation of the benchmarks of tumour
resection; however, its identification is not simple because the dysplastic areas may be far from the main
lesion and difficult to recognize macroscopically. New technologies such as narrow band imaging (NBI)
could improve the detection of neoplastic and pre-neoplastic areas, ensuring more precise resections.
The main purpose of this study was to investigate the value of NBI in detecting pre-cancerous areas
Squamous-cell-carcinoma
Oral-cancer
Oropharynx
Resection-margins
Field-cancerization
and/or cancer around the tumour bulk intra-operatively, to achieve adequate resection of the tumour.
Materials and Methods: The resection margins of 8 oral cavity and 8 oropharyngeal cancers were first
drawn by macroscopic evaluation and then re-defined using NBI. Resections were performed following
the NBI-drawing if extemporaneous histological examinations of the NBI-defined enlargements were
positive for dysplasia or cancer. The number of clear margins was evaluated.
Results: Resections margins were free of tumour or dysplasia at extemporaneous examination; on
definitive histology, two patients had a margin positive for cancer and dysplasia, respectively. Among
the NBI-defined enlargements, 25% were positive for dysplasia and 75% for cancer. The sensitivity,
specificity, positive and negative predictive values were 100%, 88.9%, 100% and 87.5%, respectively.
Conclusion: The method we propose could be useful for obtaining free surgical margins and reducing the
potential development of tumour foci resulting from incomplete resection.

ains the excision of the
rgical margins [1]. The
y and pharynx implies

defined as the ‘‘field cancerization’’ phenomenon. This concept
assumes that multiple, unrelated, precancerous lesions may exist
adjacent to the original tumour mass, each one bearing the poten-
tial to develop into a new tumour [10–12]. Although in practice the
identification of these proves very challenging by routine examina-
rs with
tech-
ply, assuming that the tumour is as wide on the surface as in depth. niques allowing improved visualization of the superficial extension

Obtaining uninvolved margins at final histological examination is
therefore currently the gold standard for surgeons, because the
presence of dysplasia or carcinoma following resection of carci-
noma of the head and neck, has been shown to be associated with
a higher incidence of local recurrence events [9]. However, this
appears particularly difficult in consideration of the peculiar fre-
quent growth pattern of oral squamous cell carcinomas (OSCC),
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of the tumour [13–15].
Among these diagnostic tools, narrow band imaging (NBI) has

widely demonstrated its effectiveness in helping to detect superfi-
cial mucosal lesions of the oral and pharyngeal mucosa [13,14].

The main purpose of this pilot study was to investigate the
value of NBI in detecting intraoperatively pre-cancerous areas
(dysplasias) and/or cancer around the clinically visible tumour
bulk, in order to achieve adequate resection of the entire local
tumour and maximize the number of free resection margins at
definitive histological examination.
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Materials and methods

This pilot prospective study was conducted at the ENT
Department of Cattinara Hospital in Trieste (Italy) in accordance
with the Declaration of Helsinki, and approved by the local ethics

clinically negative areas around the tumour that had a suspicious
appearance on NBI: this step served only the practical purpose of
reducing the intraoperative time required for defining the resec-
tion margins. NBI was performed using a Visera Elite system
(OTV-S190 video processor and CLV-190 light source,
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committee.
NBI is a video endoscopic system with narrow band filters that

allows for the passage of only two specific bands of the visible
spectrum which correspond to the absorption peak of haemoglo-
bin. The filtered wavelengths enhance the microvascular
abnormalities associated with the preneoplastic and neoplastic
changes of the mucosal lining of the upper aerodigestive tract
[16]. In our study NBI was used for the intra-operative definition
of resection margins in patients with oral cavity and oropharyngeal
cancer to evaluate whether it could help in detecting
pre-cancerous areas (dysplasias) and/or cancer around the tumour
bulk intraoperatively.

Among candidates for surgery, established by a multidisci-
plinary panel, we decided to focus on a subset of patients who
met the following inclusion criteria: age between 18 and 90 years,
no previous surgery, radiotherapy or chemotherapy for head and
neck cancers, no cancers located in the hypopharynx or larynx.
During the first 6 months of intraoperative use of NBI, 37 patients
with squamous cell carcinoma (SCC) came to our attention; among
the 11 patients with a tumour located in the oral cavity, 3 were
excluded because of previous surgery; among the 11 patients with
oropharyngeal tumour, 3 were excluded because of previous sur-
gery; 15 patients were excluded because the cancer was located
in the hypopharynx (n = 6) or in the larynx (n = 9). Therefore, 16
patients with SCC of the oral cavity (n = 8) and oropharynx
(n = 8) were finally included in the study; all of them had a
biopsy-proven diagnosis of SCC and clinical staging (cTNM)
obtained with computed tomography (CT) and magnetic resonance
imaging (MRI), in accordance with the NCCN guidelines (National
Comprehensive Cancer Network). The tumour sites and subsites
and clinical staging are summarized in Table 1.

A surgeon explained to the patient that during the surgery, NBI,
a new type of imaging tool, would be used to define the real exten-
sion of the lesion beyond the macroscopic margins defined both
visually and by palpation, that the resection would be performed
following the NBI-guided drawing if extemporaneous histological
examinations of the area between the two tattoos were positive
for dysplasia or cancer, and that this procedure carried no addi-
tional risks and required no specific preparation. The patients
signed a detailed informed consent form, with the privacy policy
agreement.

A few days before surgery, two physicians experienced in the
use of NBI carried out a preliminary evaluation focusing on the

Table 1
Patients and tumours’ characteristics.

Id Site Subsite cTNM

1 Oral cavity Floor of mouth T2N0M0

2 Oropharynx Tonsil, base of tongue T3N2bM0
3 Oropharynx Tonsil T2N1M0
4 Oral cavity Floor of mouth T2N1M0
5 Oral cavity Floor of mouth T2N2cM0
6 Oropharynx Tonsil, soft palate T3N1M0
7 Oral cavity Anterior tongue T1N0M0
8 Oral cavity Floor of mouth, anterior tongue T3N0M0
9 Oropharynx Tonsil, soft palate T3N1M0

10 Oral cavity Floor of mouth, anterior tongue T4aN2bM0
11 Oropharynx Tonsil, soft palate T1NxM0
12 Oral cavity Floor of mouth T2N0M0
13 Oropharynx Tonsil T4aN2bM0
14 Oropharynx Retromolar trigone T3N2aM0
15 Oropharynx Soft palate T2N2bM0
16 Oral cavity Anterior tongue T3N0M0
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OTV-S7Pro-10E HDTV camera; Olympus Medical Systems Corp,
Tokyo, Japan) with rigid endoscopes with a viewing angle of 70�
for the oropharynx or an angle of 0� for the oral cavity. Patients
were examined in a seated position; no specific patient preparation
was necessary; local anaesthesia was achieved with lidocaine
spray 10 g/100 ml only if necessary. During the examination, par-
ticular care was taken to avoid bleeding, which alters the penetra-
tion of light into tissue and precludes NBI evaluation. In the event
that the preoperative evaluation could not be completed because
of poor patient compliance or difficulty reaching the tumour with
the endoscope tip, the NBI evaluation was carried out only intraop-
eratively. All procedures were recorded on video.

In the operating room on the day of surgery, after general
anaesthesia and preparation of the surgical field, and before any
surgical action involving bleeding which negatively affects NBI
evaluation, a first definition of the resection margins was obtained
with an electric scalpel, using a ruler to help maintain a distance of
1.5 cm from the macroscopic lesion boundaries defined visually
and by palpation. Then, the two NBI experts made an additional
assessment and re-defined the resection margins using the same
instrument as used preoperatively. The apparently healthy mucosa
surrounding the main tumour mass was considered positive at NBI
evaluation if it displayed the known alterations of the intrapapil-
lary capillary loop (IPCL), such as dilatation and crossing, elonga-
tion and meandering or pattern destruction and angiogenesis,
which can underlie histological changes (Fig. 1) [17–19]. This eval-
uation increased the operating time by an average of 5 min. The
different steps were video recorded (Fig. 2).

The two templates were then compared and the distance
between them measured; if a difference between them was found,
several biopsies were obtained from the area between the
white-light (WL) and NBI tattoos which showed the most suspi-
cious vascular changes (Fig. 3), and they were sent to a dedicated
pathologist for extemporaneous histological examination. We
decided to use a combination of NBI positivity and positive result
of frozen sections collected in these areas to guide the resection
margins because this was a pilot study and defining the margins
on NBI appearance alone would not have been ethical given the
Fig. 1. Vegetating lesion of the posterior left tongue margin: arrows indicate altered
intra-papillary capillary loops (IPCL) (capillary meandering) defined as positive at
NBI evaluation. The histological examination confirmed the presence of squamous
cell carcinoma.



lack of previous literature reporting on the resection of oral and
oropharyngeal cancers guided by NBI alone. If the biopsies were
positive for dysplasia or cancer, on the basis of the World Health
Organization (WHO) 2005 classification [20], the surgical resection
followed the tattoo obtained with NBI. After the resection was per-

The surgical approach, the type of intervention, the number of
positive margins at both extemporaneous and definitive histology,
and the extent of NBI enlargement were noted (Table 2).

The true positive (TP), true negative (TN), false positive (FP) and
false negative (FN) values were defined as follows: TP, patients

undergoing surgery for oral cavity (n = 8) and oropharyngeal (n = 8)
carcinoma were selected for the study; 11 male and 5 female

Fig. 2. Squamous cell carcinoma of the right tonsil, soft palate and left tonsil. The
green line indicates the gross tumour edge; the red line is the first drawing obtained
with white light (WL) by visual inspection and palpation 1.5 cm from the
macroscopic margins (MM); the blue line is the narrow-band imaging (NBI)-driven
drawing, in this case 1 cm from the WL one. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

(DH). TO = trans-oral, LP = lateral pharyngotomy, TM = trans mandibular,
SLND = selective lateral neck dissection, MRND = modified radical neck dissection,
ERND = extended radical neck dissection, DBT = distance between templates.

ID SA RESECTION FS DBT
(mm)

DH

1 TO Anterior pelvectomy, right SLND Neg 8 Neg
2 LP Partial right glossectomy, right

extended tonsillectomy, right MRND
III

Neg 14 Neg

3 TO Extended left tonsillectomy, left
ERND

Neg 7 Neg

4 TO Anterior hemiglossopelvectomy,
bilateral MRND III

Neg 13 Neg

5 TO Anterior hemiglossopelvectomy,
bilateral MRND III

Neg 13 Neg

6 TO Bilateral extended tonsillectomy,
bilateral MRND III

Neg 10 Neg

7 TO Left partial glossectomy Neg 8 Neg
8 TO Left hemiglossectomy, left SLND Neg 15 Neg
9 TO Right partial pharyngectomy

extended to uvula, right SLND
Neg 10 Neg

10 TO Right hemiglossopelvectomy, anterior Neg 14 Neg
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formed, the surgical margins (superficial and deep) were subjected
to extemporaneous evaluation by a dedicated pathologist (Fig. 3):
if they were positive for cancer or dysplasia (mild/moderate/sev-
ere) the resection was immediately enlarged, if they were negative,
closure of the surgical defect was started. The resected specimen
was fixed onto a piece of cork with insulin needles to minimize
shrinkage [2,21,22]; sutures of different lengths were placed for
correct orientation and to indicate the NBI-guided enlargement;
an explanatory drawing with specific notes, was prepared for the
pathologist. The specimen was then sent to a dedicated pathologist
for histological evaluation.

The pathologist’s response was supplied with a drawing to
indicate any definitive margin involved by cancer or dysplasia
and to signal the presence of dysplastic areas around the main
tumour. Our Pathology Department classifies margins as ‘‘clear’’
when >3 mm, ‘‘close’’ when 0.1–3 mm, and ‘‘involved’’ only when
clearly infiltrated by neoplastic cells.

In the case of positive margins, a margin-widening operation
was planned or, if impossible because of patient factors or particu-
larly difficult anatomical sites, the patient was referred for
adjuvant treatments.
Fig. 3. Comparison between the WL and NBI tattoos. Several biopsies (indicated by
the black crosses) are obtained in the area separating the tattoos and sent for
extemporaneous evaluation. After the resection is completed, other biopsies
(indicated by white crosses) are obtained beyond the surgical margins and sent
for extemporaneous examination.
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with positive areas at NBI illumination and thus included in the
NBI resection enlargement with a definitive histological response
of dysplasia (mild/moderate/severe) or cancer; TN, patients with
negative resection margins at NBI that were confirmed to be
‘‘clear’’ at definitive histological examination; FP, patients with
positive areas at NBI illumination and thus included in the NBI
resection enlargement with absence of dysplasia or cancer at
definitive histological examination; FN, patients with negative
resection margins at NBI but with different grades of dysplasia or
cancer at definitive histological examination.

The histological response and NBI findings were correlated to
calculate sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV).

Results

Over the first six months of intraoperative NBI use, 16 patients
patients were present; the mean age was 64.25 years, 87.5% had
smoking and/or drinking habits.

Table 2
Surgical approach (SA), type of resection and histological examination of resection
margins both at extemporaneous evaluation (FS = frozen sections collected after NBI-
guided resection; neg = negative for dysplasia and cancer) and definitive histology
pelvectomy, bilateral MRND III
11 TO Right pharyngectomy extended to

uvula
Neg 9 Neg

12 TO Anterior hemiglossopelvectomy,
marginal mandibulectomy, bilateral
SLND

Neg 9 Neg

13 TM Right buccopharyngectomy,
segmental right mandibulectomy,
right SLND

Neg 8 Neg

14 TO Right hemiglossopelvectomy, partial
right pharyngectomy, segmental right
mandibulectomy, left SLND, right
MRND III

Neg 12 Neg

15 TO Left hemipharyngectomy extended to
left tongue base, MRND I

Neg 11 Cancer

16 TO Right hemiglossopelvectomy, right
SLND

Neg 12 Moderate
dysplasia



During surgery, the resection margins were first clinically
delimited at 1.5 cm from the macroscopic tumour and then with
NBI; areas exhibiting IPCL alterations at NBI were considered
positive for dysplasia or cancer and included in the NBI tattoo.

The use of NBI resulted in a resection enlargement of 11 ± 3 mm

demonstrated to reduce the number of positive margins at defini-
tive histology in different studies [37–39]. More recently, the use of
intraoperative touch imprint cytology has been reported as a quick,
simple, inexpensive, highly accurate and reliable technique [40].
Optical coherence tomography was used to assess tumour resec-
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from the first margin drawn at 1.5 cm, with a consequent distance
of 25 ± 4 mm between NBI defined margins and the tumour; sev-
eral biopsies for extemporaneous histological examination were
obtained from the area between the WL and the NBI tattoos show-
ing the most suspicious vascular changes. These biopsies were
found to be positive for dysplasia in 6/16 patients (37.5%) and for
cancer in 10/16 patients (62.5%); therefore all patients underwent
a resection enlargement. Resections were performed along the
NBI-guided tattoo and therefore where the mucosa exhibited no
vascular changes.

All 16 patients had superficial margins free of dysplasia and/or
cancer at extemporaneous histological evaluation. At definitive
histology of the surgical specimen, one patient (6.25%) had a
superficial margin positive for cancer, and underwent additional
resection; one patient (6.25%) had a superficial margin positive
for moderate dysplasia and we decided for a close follow-up. The
NBI-defined enlargement was positive for moderate dysplasia in
4/16 (25%) patients and for cancer in 12/16 (75%) patients at defini-
tive histology. Deep margin status was not considered since NBI
has no role in the detection of deep margins.

The number of cases defined as TP, TN, FP and FN were 16, 14, 0
and 2, respectively, so that the sensitivity, specificity, PPV and NPV
were 100%, 88.9%, 100% and 87.5%, respectively.

In spite of the larger resection there was no increase in postop-
erative morbidity with regard to either swallowing or sound artic-
ulation (statistical analysis not performed); no patient experienced
major complications such as bleeding, hematoma or salivary fistula
either intra- or postoperatively. The mean length of hospitalization
was 20.5 ± 7.3 days; no patient was discharged with a feeding tube
or tracheostomy.

Discussion

In head and neck SCC, the presence of positive margins after the

resection of a tumour has negative implications for local control
and survival [9]. The vast majority of studies correlating local

recurrence rate with margin status in oral SCC found a strong inde-
pendent correlation [23,6,24–27], although the absolute number of
local recurrences and the criteria used to define positive margins
vary significantly among the different studies. Other studies, by
contrast, failed to demonstrate any correlation [28,29].

Furthermore, no universal guidelines exist for the pathological
classification of margins as ‘‘clear’’ (free of tumour cells), ‘‘close’’
(free of tumour cells but narrow) or ‘‘involved’’ (infiltrated or with
tumour cells close to the margin) [30–33].

Setting a safety margin of P10 mm during surgery is consid-
ered to be appropriate for the resection of oral cancers, although
a clear basis for this distance is currently lacking [2–4]. Others
maintain a distance of 1.5 [5] or 2 cm [6–8] from the macroscopic
lesion boundaries.

The intraoperative evaluation of resection margins can be made
by using frozen sections (FS) just after resection of the tumour; this
method is accepted worldwide but, as underlined by Yahalom et al.
[34], the procedure is not standardized. Other problems that have
been encountered concern the site where the FS should be col-
lected (surgical bed vs specimen) [30] and the risk of not precisely
identifying the area to be enlarged in the event of positive margins
[35]. Possible solutions have, however, been proposed [36].

Other methods have been suggested for achieving free resection
margins in oral SCC. Staining with Lugol’s iodine solution has been
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tion margins in 25 patients with early stage oral SCC in a study
by Hamdoon et al.: the authors reported the feasibility of its use
in differentiating between positive and negative surgical margins
[41]. Other studies have proposed a molecular definition of surgical
margins, from protein markers to DNA-based techniques, all with
their advantages and disadvantages [42–44]. One recent study
has also shown the impact of molecular definition on local recur-
rence [45].

In oncology, the surgeon’s main goal is to excise the cancer
completely because the presence of residual tumour remains the
most important prognostic factor [46]. How wide the resection
should be is not clear [2–8] and the surgeon has to find a balance
between the need to obtain adequate tumour margins and the
desire to retain function and quality of life and limit the cosmetic
defect.

Despite the many solutions proposed to solve the problem of
positive margins, no definite guidelines exist as yet.

Recent advances in imaging techniques such as NBI could be
helpful for defining the superficial resection margins of oral and
oropharyngeal carcinoma. The technique uses a filter that alters
the light spectrum allowing the passage of only two specific wave-
lengths of the visible spectrum that enhance the mucosal and sub-
mucosal vasculature, allowing the visualization of capillaries and
veins. An Italian study [47] showed that, in the oral cavity and
oropharynx, NBI provides a diagnostic gain of 25% in detecting oral
dysplasia and cancers compared to WL endoscopy.

On the basis of the classification of intra-papillary capillary
loops (IPCL) [17–19], it may be possible to distinguish cancerous
lesions from dysplastic areas, which are often not macroscopically
visible. Identifying apparently normal areas that would not have
been resected, with the risk of progression into cancer and a sec-
ondary field tumour [48] is of great importance for tumour resec-
tion. In our study, the use of NBI enabled us to obtain a resection
enlargement of 11 ± 3 mm, leading to negative margins for dys-
plasia and/or carcinoma at extemporaneous histological examina-
tion. At definitive histological examination only two cases were
found to be positive, one for cancer and the other for moderate
dysplasia, and thus underwent additional resection and close
follow-up, respectively. All resections were performed along the
NBI-guided tattoo so they did not present vascular alterations;
the presence of dysplasia and cancer at definitive histology in
two cases results in a loss of sensitivity. On the other hand, the
high specificity value obtained indicates that any NBI-positive area
should be included in the resection. The NBI-defined enlargement
proved positive for moderate dysplasia in 4/16 (25%) patients
and for cancer in 12/16 (75%) patients.

To the best of our knowledge, no studies have been carried out
with the specific aim of investigating the impact of intraoperative
NBI on the incidence of positive superficial surgical margins in the
treatment of oral cavity and oropharyngeal carcinoma.

Only one published study has addressed the intraoperative
application of NBI to better delineate the superficial resection mar-
gins in early glottis cancer; the authors report an increase in the
accuracy of the evaluation of superficial spread of the neoplasm,
with a consequent reduction in the rate of positive margins [49].

The use of NBI has some organisational consequences: a dedi-
cated team should be created because the presence of a learning
curve in the application of NBI has been reported [50] and the sur-
geon should take this into account before basing surgical resec-
tions on NBI appearance; a close relation between the surgeon
and a dedicated pathologist should be present; in addition, we



believe a preoperative evaluation is required to have a first idea of
tumour extent so as to limit the increase in operating time to only
5 min on average. However, the evaluation of certain areas may
sometimes prove difficult because of their location or poor patient
compliance; in this case, a more precise evaluation can be per-

[5] Kovacs AF. Relevance of positive margins in case of adjuvant therapy of oral
cancer. Int J Oral Maxillofac Surg 2004;33:447–53.

[6] Yuen PW, Lam KY, Chan AC, Wei WI, Lam LK. Clinicopathological analysis of
local spread of carcinoma of the tongue. Am J Surg 1998;175:242–4.

[7] Calabrese L, Giugliano G, Bruschini R, Ansarin M, Navach V, Grosso E, et al.
Compartmental surgery in tongue tumours: description of a new surgical
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formed in the operating room under general anaesthesia before
the resection. The presence of blood in the surgical field prevents
NBI evaluation so care should be taken to avoid bleeding; to this
end, we recommend to perform NBI before any surgical action that
can alter mucosal vascularisation.

Moreover, NBI evaluation allows for a better definition of super-
ficial margins only.

Limitations of our study include the small number of patients
treated and the short follow-up period. A larger scale study with
a longer follow-up period is needed to verify whether negative
margins really lead to better locoregional control and whether
the wider resection has a negative impact on function in the long
term.

Future studies are necessary to compare this group of patients
treated with the intraoperative use of NBI with a historical cohort
treated without it to quantify the gain in terms of reducing the rate
of positive surgical margins at definitive histological examination,
the differences in terms of survival and quality of life.

To conclude, we believe this method could help to achieve
oncological radicality in oral cavity and oropharyngeal carcinoma
in a single step, minimizing the error in relocating the sampling
site if there is a need to enlarge the resection after positive extem-
poraneous examination; it could help to reduce the risk of develop-
ing local recurrence or secondary tumours in the cancer field as a
result of incomplete resection of the cancer or field, respectively.
Obtaining free resection margins at definitive histology is of great
importance especially if a free flap is used for reconstruction
because this precludes subsequent enlargement of the resection
and warrants adjuvant radiotherapy, which negatively impacts
quality of life.

In our opinion the advantages of this approach go beyond the
oncological benefit of reducing the number of positive margins:
first, there is also an economic advantage because positive margins
require an additional hospitalization for re-excision, with adjunc-
tive healthcare costs; further, the need for a new surgical proce-
dure may negatively affect the patients’ quality of life. Future
studies with a complete health technology assessment analysis
are required to verify our hypotheses.
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