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Abstract. The control of enclosed oral epithelial dysplasia is important for the
control of oral cancer. Fluorescence visualization and iodine solution are able to
detect oral epithelial dysplasia and surrounding oral cancer. The purpose of this
study was to clarify the effectiveness of combining fluorescence visualization and
iodine solution-guided surgery for early tongue cancer. Participants comprised
264 patients with primary early tongue cancer who underwent surgery. The
surgical margin was set at 10 mm outside the clinical tumour, and 5 mm outside
the area of fluorescence visualization loss, and Smm outside the iodine unstained
area. The 5-year disease-free survival rate was 87.1% vs 76.1% (P = 0.016) and
the 5-year local control rate was 98.6% vs 93.0% (P = 0.008) for combination-
guided surgery when compared to conventional surgery. Positive margin rates
were 0% for cancer, and 6.5% and 0% for low- and high-grade dysplasia,
respectively, with combination-guided surgery (P = 0.257). Multivariate analysis
revealed that combination-guided surgery (odds ratio 0.140, 95% confidence
interval 0.045-0.437; P < 0.001) and intraoperative frozen section examination
(odds ratio 0.302; 95% confidence interval 0.115-0.791; P = 0.015) were
significantly associated with local control. The combination of fluorescence
visualization and iodine solution are effective in selecting surgical margins for
early tongue cancer.
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Oral cancers and pharyngeal cancers ac-
count for about 4% of all cancer cases
worldwide.! In Japan, these cancers ac-
counted for about 2.4% of all cancer

0901-5027/520161 + 7

cases in 2021, with approximately 23,000
newly diagnosed cases and 7900 fatalities
annually according to recent estimates.’
Moreover, numbers of both newly

diagnosed and fatal cases have increased
five-fold in the last 40 years.”

One treatment for early oral squa-
mous cell carcinoma (OSCC) is surgery.

© 2022 The Authors. Published by Elsevier Inc. on behalf of International Association of Oral and Maxillofacial

Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).


https://doi.org/10.1016/j.ijom.2022.06.001
https://doi.org/10.1016/j.ijom.2022.06.001
http://www.sciencedirect.com/science/journal/09015027
https://doi.org/10.1016/j.ijom.2022.06.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

162 Morikawa et al.

When attempting to excise early OSCC,
macroscopically distinguishing the re-
gion of oral epithelial dysplasia (OED)
from the normal-looking area sur-
rounding the OSCC may be difficult for
the surgeon. OED surrounding the
OSCC is called field cancerization.’
Leaving this OED unresected can result
in local recurrence and regional and
distant metastasis after resection.” The
control of OED is therefore crucial for
the control of early OSCC.

Todine solution is a vital stain that has
been reported as effective for detecting
OED surrounding OSCC.* When iodine
solution is used in tongue squamous cell
carcinoma (SCC) and OED, an iodine
unstained (IU) area is observed.” Fluor-
escence visualization is another non-

with iodine solution

invasive technique that has been gaining
attention for the detection of OED.°
OED and OSCC tissues show decreased
autofluorescence in fluorescence visuali-
zation, appearing as a dark-brown area
termed ‘fluorescence visualization loss’
(FVL).° Iodine solution’ and fluores-
cence visualization’ are reportedly useful
methods in the treatment of tongue SCC,
but it appears that no reports have de-
scribed the utility of combining iodine
solution and fluorescence visualization.

The aims of this study were to clarify
the effectiveness of combined iodine
solution and fluorescence visualization-
guided surgery compared to conven-
tional surgery with iodine solution for
early tongue SCC, especially in terms of
the local control (LC) rate.

Materials and methods
Patients

All patients with early primary tongue
SCC (stage I or stage II) who underwent
surgery between January 1997 and
December 2019 at Tokyo Dental College,
Chiba Hospital or the Chiba Dental
Center were enrolled in this retrospective
study. All patients were re-staged using
the staging system of the eighth edition of
the Union for International Cancer
Control (UICC) TNM Classification of
Malignant Tumours.® Conversation and
swallowing function were evaluated using
the Conversation Score, the Method of
intake, Time of intake, and Food Score,
and the Functional Outcome Swallowing
Scale Score.”

A

Fluore scence visualization loss (FVL)
with optical instrument s

Rk -

Surgical margin

Fig. 1. Determination of the surgical margin; surgery for early tongue cancer. (A) Step 1 involves marking the macroscopic or palpated
clinical extent of the tumour. (B) Step 2 involves marking the extent of fluorescence visualization loss (FVL) with the room lights turned
off (FVL is shown by the dotted red line in image D). (C) Step 3 involves applying 3% iodine solution and observing the area not stained
with iodine (iodine unstained area, IU) after 1 min (the IU area is shown by the dotted blue line in image D). (D) The surgical margin was
determined using three criteria: 10 mm outside the clinical tumour, 5 mm outside the FVL, and 5 mm outside the 1U area. The surgical
margin is outlined with a black line and set as the maximum extent from each of these three criteria. In this case, FVL (dotted red line)
and IU area (dotted blue line) are almost in agreement.



Inclusion criteria were a confirmed
diagnosis of early tongue SCC according
to the criteria of the eighth edition of the
UICC TNM Classification of Malignant
Tumours and a preoperative diagnosis of
primary OSCC. Exclusion criteria were
patients who rejected participation on
opt-out and a history of other treatment
for the head or neck before this surgery,
such as radiotherapy or chemotherapy.
The guidelines of the Japanese Society of
Oral Oncology were used for macro-
scopic type, pathological depth of inva-
sion (DOI), infiltrative growth pattern,
and budding'’; the UICC eighth edition
criteria were used for histological grade,”
and the binary system of the World
Health Organization classification was
used for OED."!

This study was approved by the Tokyo
Dental College Ethics Committee
(Authorization Number 740).

Method for selecting the surgical margin

Prior to surgery, the primary tumour
was evaluated using intraoral ultra-
sonography, computed tomography,
and/or magnetic resonance imaging.
Fig. 1 shows the method used in the
study hospitals to select the surgical
margin. A combination of the area of
the tumour determined clinically, U
area after the administration of iodine
solution,'>'* and FVL according to an
optical instrument was used to select
the surgical margin for early OSCC.”"*

At the time of surgery for early
tongue SCC, three steps were applied.
In step 1, the macroscopic or palpable
clinical extent of the tumour was
marked (Fig. 1A). In step 2, with the
room lights turned off, the area of FVL
was observed and marked (Fig. 1B;
FVL shown with a dotted red line in
Fig. 1D). In step 3, 3% iodine solution
was applied, and the IU area was ob-
served and marked after 1 min (Fig. 1C;
IU area shown with a dotted blue line
in Fig. 1D). The surgical margin was
selected using criteria of 10 mm outside
the clinical tumour, 5mm outside the
FVL, and 5mm outside the IU area.
The surgical margin was set as the
maximum area delineated using these
three margins (Fig. 1D)."”

Excision was performed using a
scalpel. Any mild bleeding after excision
was controlled using electrocautery. The
wound was closed with sutures or cov-
ered with a polyglycolic acid sheet.
Intraoperative frozen section examina-
tion was performed after resection. If
positive  areas (including OED)
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remained on intraoperative frozen sec-
tion examination, an additional resec-
tion was performed; this was repeated
until negative results were confirmed.

Statistical analysis

The patients were divided into two ca-
tegories based on how the surgical
margin was set. Conventional surgery
using iodine solution alone was per-
formed between 1997 and 2009.
Combination-guided surgery using
both iodine solution and fluorescence
visualization was performed between
2010 and 2019. The distribution of
clinical and histopathological factors
was tested by cross-tabulation and sig-
nificance was tested using the x> test
and Kruskal-Wallis test. Positive rates
for FVL and IU area in patients who
underwent both fluorescence visualiza-
tion and iodine solution examination
during surgery were also examined.
The outcomes analysed included the
overall survival rate (OS), disease-free
survival rate (DFS), and LC rate. A
survival analysis was performed using
the Kaplan—Meier method and Cox
regression analysis, and the stratified
Mantel-Cox test was used to compare
outcomes among the three groups.
Multiple logistic regression was used to
predict LC based on various clinical
and pathological factors. The results of
the multivariate analysis are presented
as the odds ratio (OR) and 95% con-
fidence interval (CI). IBM SPSS
Statistics version 28.0 (IBM Corp.,
Armonk, NY, USA) was used for all
statistical analyses. Values of P < 0.05
were considered statistically significant.

Results
Patient and lesion characteristics

A total of 264 patients with primary
early tongue SCC underwent surgery at
Tokyo Dental College, Chiba Hospital
or the Chiba Dental Center during the
study period: 126 patients had conven-
tional surgery and 138 patients had
combination-guided surgery. No sig-
nificant differences were found between
the conventional and combination-
guided surgery groups in terms of age,
sex, histological grade, stage, DOI,
perineural invasion, infiltrative growth
pattern, budding, invasion into muscle,
smoking, or drinking alcohol. In terms
of the macroscopic type, 53.2% and
55.8% of patients in the conventional
surgery and  combination-guided
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surgery groups showed an endophytic
type, and 33.3% and 20.3% showed the
superficial spread type (P =0.018).
Blood vessel invasion was seen in 0.8%
of the patients in the conventional
surgery group and 8.0% of those in the
combination-guided surgery group
(P=0.005). Lymphatic invasion was
identified in 0% of patients who un-
derwent conventional surgery and 5.1%
of those who underwent combination-
guided surgery (P =0.003). Frequencies
of comorbidities in the conventional
and  combination-guided  surgery
groups were 34.9% and 51.4%, respec-
tively (P =0.007) (Table 1). No adverse
events related to fluorescence visuali-
zation were identified. Conversation
and swallowing function scores did not
differ significantly between the groups.
The median duration of follow-up was
76.7 months (range 6.2-280.5 months).

Outcomes

For the overall cohort, 1-year, 3-year,
and S-year OS rates were 100%, 95.5%,
and 94.5%, respectively. The 5-year OS
was 93.4% with conventional surgery
and 95.5% with combination-guided
surgery (P =0.419). For all patients, 1-
year, 3-year, and 5-year DFS rates were
93.4%, 86.1%, and 82.0%, respectively.
The 5-year DFS was 76.1% with con-
ventional surgery and 87.1% with com-
bination-guided surgery (P = 0.016). For
all patients, 1-year, 3-year, and 5-year
LC rates were 99.2%, 97.1%, and 94.2%,
respectively. The 5-year LC rate was
93.0% with conventional surgery and
98.6% with combination-guided surgery
(P=0.008) (Fig. 2).

The intraoperative frozen section-po-
sitive rates (including OED) for conven-
tional surgery and combination-guided
surgery were 30.0% and 18.0%, respec-
tively (P=0.249). Regarding histo-
pathology, the positive rate (including
OED and SCC) was 10.3% with con-
ventional surgery and 6.5% with combi-
nation-guided surgery (P =0.245), and
the SCC-positive rates were 0.8% and
0%, respectively (P =0.265). Regarding
OED alone, the percentage of cases
showing low- and high-grade dysplasia
were 8.7% and 0.8%, respectively, with
conventional surgery and 6.5% and 0%,
respectively, with combination-guided
surgery (P =0.257).

It was not possible to use iodine so-
lution in five patients (1.9%) due to
iodine allergy. Delineation rates of
FVL and IU area in combination-
guided surgery were 96.3% and 87.2%,
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respectively. The delineation rate
tended to be slightly higher for FVL
than for IU area, but the difference was
not significant (P =0.724). In this
study, no cases were negative for iodine
solution and/or fluorescence visualiza-
tion. In terms of the positive area, FVL
and IU area matched in 73.8% of cases.
However, 13.5% of cases showed a
FVL area greater than the IU area and
11.3% showed an IU area greater than
the FVL area; 1.4% showed FVL and
IU area were far.

Analysis of prognostic factors for local
control

Table 2 shows the analysis of prog-
nostic factors for LC. The factors
identified as significant in the univariate
analysis were budding (P =0.048), in-
traoperative frozen section examination
(P=0.002), and combination-guided
surgery (P < 0.001). Intraoperative
frozen section examination (OR 0.302,
95% CI 0.115-0.791; P=0.015) and
combination-guided surgery (OR 0.140,
95% CI 0.045-0.437, P < 0.001) re-
mained significant factors in the multi-
variate analysis.

Discussion

The concept of field cancerization is
important for early OSCC control.
Controlling OED is key to controlling
early OSCC.* Detecting OED is there-
fore of particular importance. If the set

margin for early OSCC surgery is too
large, unnecessary scarring, deforma-
tion, and dysfunction (e.g., reduced
range of motion, pronunciation dis-
orders, and dysphagia) may result.
However, if the set margin for early
OSCC surgery is too small, residual
cancer or OED tissue may cause local
recurrence, lymph node metastasis, and
distant metastasis.' Various approaches
to complete resection of field altera-
tions surrounding early OSCC have
therefore been reported, including io-
dine solution””'*'* and fluorescence
visualization.®'*!”

The application of iodine solution
directly into the oral cavity is useful to
identify tissue changes. This method is
easy to use and observations can be
made in real time. Iodine solution re-
portedly reacts with glycogen to pro-
duce a brown-black stain.*'* With
dysplastic progression (as seen with
low- or high-grade dysplasia, carci-
noma in situ, and OSCC), the glycogen
content of the granule cell layer will be
decreased, therefore producing an IU
area.” The delineation rate for IU area
has been reported as 50.0-87.5% for
OED and SCC,"'* and 71.0-85.0% for
carly tongue SCC.*'® In the region of
the lesion border, low- and high-grade
dysplasia have been observed in the [U
area in 30.6% and 69.4% of cases, re-
spectively'°.

In terms of the surgical margins de-
termined using iodine solution, Umeda
et al.'” reported that, for surgery with a

Table 1. Characteristics of the patients and lesions.

margin 5 mm outside the IU area in 93
patients with early tongue SCC, the
positive margin rates for OED and
SCC were 7.5% and 1.1%, respectively.
Additional re-surgery was required in
6.4% of cases, but no local recurrence
was identified. In the present study, the
positive margin rates for OED+SCC
and SCC were 10.3% and 0.8%, re-
spectively, in those who underwent
conventional surgery using iodine so-
lution; 5-year LC was 93.0%.

Thus, iodine solution offers a good
method  for  delineating  OED.
However, iodine solution has several
limitations. First, the number of
adaptation sites is limited. Adaptation
sites for iodine solution are the mo-
vable mucosa, such as tongue and
buccal mucosa, the oral floor, lip, and
soft palate. Todine solution is not ap-
plicable to keratinized mucosa, such as
the upper and lower gingiva and hard
palate.” Todine solution has also been
shown to be of no use for keratinized
mucosa or inflammation tissue, as
these tissues are less reactive to io-
dine.'* Second, iodine solution has
side effects and can be an irritant. lo-
dine solution is mildly invasive and is
obviously contraindicated in patients
who are allergic to iodine.'” About
70% of patients report discomfort or
pain with iodine solution.'” Third, io-
dine solution produces a brown-black
area that can render minute changes in
tissues around the cancer difficult to
identify."

Conventional surgery

Combination-guided surgery

(n=126) (n=138) P-value
Age (years), mean 60.0 62.8 0.051
Sex, male / female 721 54 68 /70 0.201
Macroscopic type, superficial spread / exophytic/ 42/ 17/ 67 28 /33177 0.018*
endophytic
Histological grade, 1/2/3 /X 94/19/716 94/32/8/4 0.356
Stage, 1/ 11 83743 79159 0.150
Depth of invasion (mm), mean 2.1 2.7 0.101
Blood vessel invasion, +/ — 17125 117127 0.005*
Lymphatic invasion, +/ — 0/126 717131 0.003*
Perineural invasion, +/ — 1/125 2/134 0.607
Infiltrative growth pattern, a/b/c 79171291718 82/33/25 0.428
Budding, mean 2.1 2.7 0.076
Invasion into muscle, +/ — 68 /58 74 | 64 0.955
Inflammatory cell infiltration, +/ — 108 /18 124/ 14 0.303
Smoking, +/ — 50 /79 60 /75 0.919
Drinking alcohol, +/ — 77149 72/ 66 0.314
Comorbidities, +/ — 44/ 82 71167 0.007*
Conversation score, mean 8.6 8.5 0.875
Method of intake, Time of intake, and Food 12.5 12.8 0.822
score, mean
Functional Outcome Swallowing Scale score, mean 0.5 0.6 0.912

*Significant difference between the groups, P < 0.05.
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Fig. 2. Local control rate. In all patients, the 1-, 3-, and 5-year local control rates were 99.2%, 97.1%, and 94.2%, respectively. The 5-year
local control rates with combination-guided surgery and conventional surgery were 98.6% and 93.0%, respectively (P = 0.008).

Fluorescence visualization uses a blue
light (wavelength 400-500 nm) to illumi-
nate collagen crosslink (CCL) and/or
bio-coenzymes such as flavin adenine
dinucleotide (FAD) and nicotinamide
adenine dinucleotide (NADH) to pro-
duce autofluorescence.'® A selective filter
allows direct visualization of the apple-
green autofluorescence that occurs in
normal tissue as the area of fluorescence
visualization retention (FVR). On the
other hand, abnormal tissues such as
OED and OSCC show decreased auto-
fluorescence and appear as the dark-

by absorption of a specific wavelength of
blue light, such as with the breakdown of
CCL, decreases in FAD or NADH, or
angiogenesis.” CCL absorbs blue light
and re-emits autofluorescent green light.
The denaturation and destruction of
CCL by dysplastic progression would
thus cause FVL."” FAD and NADH are
known to be involved in different types
of intracellular energy metabolism, such
as glycolysis, the tricarboxylic acid cycle,
and the electron transport chain.”’ Dys-
plastic progression is known to enhance
the form of anaerobic metabolism called

are intermediate enzymes, and thus are
consumed when anaerobic metabolism is
enhanced. As a result, autofluorescence is
decreased.” Furthermore, angiogenesis
occurs due to cell proliferation,” and an
inflammatory response is triggered by the
immune response, resulting in FVL.**
Fluorescence visualization is easy to
perform and non-invasive. In addition,
the adaptation sites for fluorescence vi-
sualization are any sites of the oral mu-
cosa. The great advantage of fluorescence
visualization is the applicability to kera-
tinized mucosa where iodine solution

brown area of FVL.” This FVL is caused  the Warburg effect.”’ FAD and NADH cannot be used.”  Fluorescence
Table 2. Analysis of local control.
Univariate analysis Multivariate analysis
P-value P-value OR 95% CI
Age 0.717 -
Sex 0.052 -
Macroscopic type 0.810 -
Histological grade 0.051 -
Stage 0.149 -
DOI 0.872 -
Blood vessel invasion 0.280 -
Lymphatic invasion 0.718 -
Perineural invasion 0.748 -
Infiltrative growth pattern 0.420 -
Budding 0.048* 0.071 2.397 0.927, 6.200
Invasion of muscle layer 0.410 -
Inflammatory cell infiltration 0.374 -
Intraoperative frozen section 0.002* 0.015* 0.302 0.115, 0.791
Smoking 0.287 -
Drinking alcohol 0.271 -
Comorbidities 0.370 -
Combination-guided surgery < 0.001* < 0.001* 0.140 0.045, 0.437

OR, odds ratio; 95% CI, 95% confidence interval; DOI, pathological depth of invasion;

*Significant, P < 0.05.
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visualization thus makes up for the dis-
advantages of iodine solution. Fluores-
cence visualization involves a different
mechanism of action from iodine solu-
tion, derived from CCL, FAD, NADH,
and angiogenesis. Delineation rates based
on FVL in the range of 77.8-98.0% have
been reported for OED, carcinoma in
situ, and OSCC,** and in the range of
87.1-100% for early tongue SCC.”'*!%>
In the region of the lesion border, low-
and high-grade dysplasia have been ob-
served in the area of FVL in 36.3% and
63.8% of cases, respectively.'® It has also
been reported that FVL shows a higher
loss of heterozygosity than FVR."”
Moreover, FVL reportedly shows a sig-
nificantly lower cytokeratin (CK)13 ex-
pression rate than FVR, and a higher
CK17 expression rate.'® In other words,
the area of FVL is considered to be an
area with high cancer-forming ability.

In a study comparing fluorescence
visualization and iodine solution, early
tongue SCC showed a delineation rate
of 100% on FVL and 72.5% on IU
area.'® FVL offered a slightly higher
delineation rate than IU area.'® In the
present study, the delineation rates of
FVL and IU area were found to be
96.3% and 87.2%, respectively. These
delineation rates were not significantly
different, but the delineation rate again
tended to be higher for FVL than for
IU area (P=0.724). lodine solution
cannot be used in patients with an al-
lergy to iodine, so fluorescence visuali-
zation is an effective alternative for
those ]Qatients who are allergic to
iodine. "’

In terms of local recurrence, surgery
with a margin of 10 mm outside the
FVL showed a 3-year local recurrence
rate of 6.5% in a study on 92 patients
with early tongue SCC,’ and 9.4% in
211 patients with early tongue SCC and
carcinoma in situ, and high-grade dys-
plasia.”® The background of combina-
tion-guided surgery was significantly
worse than that of conventional surgery
in this study.'” However, the results of
the present study showed that combi-
nation-guided surgery produced better
outcomes in terms of DFS and LC
compared to conventional surgery. In
particular, the LC rate with combina-
tion-guided surgery was as high as
98.6%, and the impact on LC was
substantial. As shown in the multi-
variate analysis, combination-guided
surgery and intraoperative frozen sec-
tion examination were prognostic fac-
tors for LC. The significance of
intraoperative frozen section

examination is very high, because
changes in treatment policy can result
from intraoperative frozen section ex-
amination. However, intraoperative
frozen section is a special pathological
diagnosis that requires high-level spe-
cimen preparation skills and diagnostic
ability, and so cannot be performed at
all facilities.”” It is generally difficult to
evaluate OED because the specimens
for intraoperative frozen section are
frozen specimens and the specimens are
fragile. On the other hand, fluorescence
visualization is simple and easy to use.

Sridharan et al.”* reported that one
factor for LC of early tongue SCC is
distance to the closest margin. The re-
ported OR of the margin clearance
factor was 0.73. In the present study,
the positive rate for SCC in histo-
pathology was 0% and for OED was
6.5% in the patients who had combi-
nation-guided surgery. In addition, this
OED with combination-guided surgery
showed only low-grade dysplasia.
Hence it is considered that the combi-
nation of fluorescence visualization and
iodine solution facilitated the setting of
appropriate margins for early tongue
SCC. In the present study, the OR for
combination-guided surgery was 0.14.
By selecting an appropriate surgical
margin, the intraoperative frozen sec-
tion-positive rate and histopathology
were decreased, and LC was further
improved, resulting in a decrease in
delayed neck lymph node metastasis
and distant metastasis, leading to im-
provements in DFS. The rate of FVL
delineation was excellent, but the
matching rate with IU area with respect
to the extent of the clinical tumour was
73.8%. These results suggest a differ-
ence in the mechanisms of action be-
tween iodine solution and fluorescence
visualization. In other words, these
promising results for guided surgery
using iodine solution and fluorescence
visualization were obtained by making
use of differences in the respective me-
chanisms of action.

The negative side effects of this sur-
gery caused by wide excisions are
scarring, deformation, and dysfunction.
In this study, conversation and swal-
lowing function were evaluated, and no
difference was found between the con-
ventional surgery and combination-
guided surgery groups. It is considered
that the side effects of combination-
guided surgery are not much different
from those of the conventional surgery,
suggesting the effectiveness of this
method.

Several limitations of this study merit
consideration. First, this study included
a small number of patients and was
retrospective in design. The OS rate
may have been affected in other items.
More rigorous prospective studies will
be needed to confirm the results. In
addition, both conventional surgery
and combination-guided surgery per-
formed well, so it may not be possible
to show their effectiveness unless the
number is further increased. Second,
the methods used to evaluate iodine
solution and fluorescence visualization
were subjective, and more obljgtctive in-
dicators may be necessary. ~ In the
prospective study by Durham et al.,”®
fluorescence visualization-guided sur-
gery did not show effectiveness. How-
ever, fluorescence visualization was
determined subjectively, and the de-
termination of FVL may have varied
from evaluator to evaluator. The use of
subjective and objective indicators is
beginning to be examined in oral cancer
screening.™”” Further prospective stu-
dies of OSCC screening and treatments
for other oral subsites are therefore
being planned.
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