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Abstract

Background: When the resected specimen is sent for intraoperative margin assessment, all margins are grossly
checked, and selected margins undergo a frozen section (FS) examination. Therefore, there is a possibility of
sampling error. This study evaluated the effectiveness of using toluidine blue (TB) as an intraoperative triage
screening tool to detect positive mucosal margins of the resected specimens of oral squamous cell carcinoma
(OSCQ) and serve as a guide for FS sampling.

Methods: Surgical samples of 30 consecutive patients with biopsy-proven OSCC were included in the study. A total of 140
mucosal margins were analyzed intraoperatively by TB and FS, the results were compared with the final histopathology.

Results: Of the 140 examined mucosal tumor margins, 14 stained positives with TB, six were true-positives, eight were false-
positives, and there were no false-negatives, as confirmed by final histopathology of the same margins. The diagnostic
performance measures were sensitivity 100.0%; specificity 94.0%; positive predictive value (PPV) 42.9%; negative predictive
value (NPV) 100.0%; and accuracy 94.3% (95% Cl: 89.0-97.5%). For FS, there were three true-positives, three false-negatives,
and no false-positives. The diagnostic performance measures were sensitivity 50.0%; specificity 100.0%; PPV 100.0%; NPV
97.8%; and accuracy 97.9% (95% Cl: 93.9-99.6%).

Conclusion: TB is less specific but more sensitive than FS for detecting positive mucosal margins of resected OSCC.
Screening the tumor mucosal margins with TB before FS sampling may help identify more tumor-bearing margins.

Trial registration: This trial was registered at ClinicalTrials.gov. Registration number: NCT03554967. Registration date: June 13,
2018.
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Background

Oral cancer is the eleventh most common malignancy in
the world [1]. Oral squamous cell carcinoma (OSCC) is the
most common oral cavity malignancy and represents more
than 90.0% of oral cancers [2]. The main treatment modal-
ity for managing OSCC is surgical resection [3]. A critical
issue of surgical oncology is achieving complete removal of
a tumor at the primary site with a negative margin. Failure
to identify residual neoplastic tissue results in positive
surgical margins correlated with local recurrence and poor
patient outcomes [4, 5].

Several diagnostic methods have been used for intraop-
erative identification of tumor-involved margins, including
visualization and palpation of the resected margins, touch
imprint cytology, microendoscope, fluorescent techniques,
Raman spectroscopy, narrow-band imaging, and optical
coherence tomography [6—8]. These methods have their
challenges and limitations in terms of appropriate per-
formance, practicality, and cost-effectiveness.

A frozen section (FS) is still used in most oncological
centers as the standard-of-care means for intraoperative
margin assessment. Although it is a reliable method for
identifying residual tumor in the sampled tissue, only se-
lected margins-guided by gross examination-are ana-
lyzed. Therefore, there is a possibility of sampling error.

Toluidine blue (TB) is a metachromatic stain that is eas-
ily available, economical, and has a high affinity for DNA
and RNA. It rapidly stains malignant and premalignant
cells, but not normal mucosa. Several studies have demon-
strated the ability of TB to detect oral cavity premalignant
lesions and OSCC [9-12]. However, its use as a screening
tool for tumor-involved margins after surgical excision of
OSCC has not been extensively studied.

In the literature, only three studies addressed TB intra-
operatively. In one study, TB was used intraorally before
resection to determine the extent of the lesions [13]. In the
other two studies, TB was used intraorally to evaluate the
tumor bed margins after excision of primary squamous cell
carcinomas (SCC) [14, 15]; Portugal et al. [15] studied the
role of TB in assessing margin status after resection of
SCC of the upper aerodigestive tract (UADT). The authors
applied TB directly to the remaining unresected mucosa.
They reported a 100.0% sensitivity in the detection of
tumor-involved margins with few false-positives. Junaid
et al. [14] evaluated TB staining of tumor bed margins after
excision of primary OSCC. Their results indicated a
100.0% sensitivity for detecting positive margins and a spe-
cificity of 97.0%.

There are drawbacks to tumor-bed driven margin assess-
ment. In short, tumor bed biopsies are so small, fragmen-
ted, unoriented, and not representative of the actual
margin status (derived from the main resection specimen)
[16, 17]. Recently, Kain et al. performed a systematic review
on the surgical margins in oral cavity SCC. This review
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provides support for the practice of specimen-driven mar-
gin assessment when using FS analysis to improve the util-
ity of the results [18].

Due to the drawbacks of tumor-bed driven margin as-
sessment, we decided to test the use of TB in the assess-
ment of the mucosal margin status of a resected OSCC
specimen (specimen-driven margin).

The aim of this study was to evaluate the effectiveness
of using TB as an intraoperative triage screening tool to
detect positive mucosal margins of the resected speci-
mens of OSCC and serve as a guide for FS sampling.

Methods

This prospective diagnostic accuracy study was designed
according to the STARD checklist and was conducted at
the Faculty of Dentistry and National Cancer Institute
(NCI), Cairo University, Egypt, from July 2018 to June
2019. The accuracies of TB and FS were compared with
the final histopathology of the same margins. Thirty
consecutive patients with biopsy-proven OSCC who
were undergoing primary excision were included in the
study. The patients were recruited regardless of age, sex,
ethnicity, and tumor stage or grade. The exclusion cri-
teria were patients with a history of head and neck
radiotherapy, those with previous treatment (surgery and
radio—/ chemotherapy) for current OSCC because in-
creased fibrosis and scar tissue can lead to mechanical
retention of TB, making it difficult to interpret staining
results. This study was approved by the Research Ethical
Committee at the Faculty of Dentistry, Cairo University
(number: 10 6 18). This study operated in compliance
with the Helsinki Declaration, and written informed
consent was obtained from all patients.

All surgical procedures were performed by an experi-
enced head and neck surgeons at Head and Neck Surgical
Oncology Unit, NCI, Egypt. After the surgical excision of
the tumor, the surgeon marked the surgical margins by
surgical sutures and then immediately sent the resected
specimen to the Surgical Pathology Unit.

The mucosal margins were evaluated at two stages:

During the first stage, the tissues were assessed intraop-
eratively (in the laboratory as the operation progressed in
the operating room) using:

1) TB. The mucosal margins of the resected tumor
were stained with TB according to the following
protocol:

One percent TB solution staining was conducted as
described by Mashberg [9]. Briefly, irrigating the tumor
margins was performed first using 1% acetic acid
followed by normal saline. The margins were then gently
dried with gauze. One percent toluidine blue solution
was applied using a cotton swab and left in place for 30's
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Fig. 1 a Topical application of 1% TB to the mucosal margins of
resected retromolar SCC, b another Segmental mandibulectomy
specimen (after eliminating the excess of stain); red arrows indicated
positive TB staining, green arrow indicated negative TB staining

(Fig. 1a). Thereafter, the tissue was once again irrigated
with 1% acetic acid (for eliminating the excess of stain)
followed by normal saline. The margins stained in royal
blue were labeled as positive, while those stained light
blue or unstained were labeled as negative [19] (Fig. 1b).

2) Hematoxylin and eosin (H&E) stained FS. A
minimum of four samples are shaved off the
mucosal margins (specimen margin)—anterior,
posterior, medial (or superior), and lateral (or
inferior). Additional samples were taken if deemed
valuable. Any margin that was positive by TB was
included in FS sampling.

The FS interpretation was performed by another histo-
pathologist who was blinded to the result of the TB
staining (TB staining does not affect FS interpretation
due to the known instability of TB in fixation and dehy-
dration solutions [19]. Even if staining persisted after
processing, it would be masked by the H&E stain).

The second stage (final histopathological) involved evalu-
ation of FS samples (FS remnants) taken intraoperatively, as
described above, following formalin fixing and paraffin em-
bedding and H&E staining. The final histopathological
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interpretation was performed by another histopathologist
who was blinded to the TB and FS results. Resection mar-
gins which showed severe dysplasia, carcinoma in situ, or
invasive carcinoma, were labeled as positive [20-22]. The
severity of the dysplasia was based on the 2017 WHO grad-
ing system [23].

Sample size calculation

A previous paper by Junaid et al. [14] reported that TB
staining had a sensitivity and specificity of 100.0 and
97.0%, respectively. Using a 95% confidence interval and
a 5% significance level, 30 patients were required. The
sample size was calculated by Arifin, W. N. (2017) [24].

Statistical method

The data were coded and entered using the Statistical
Package for the Social Sciences (SPSS) version 25. Data
are summarized using means, standard deviations, min-
imums, and maximums for quantitative data, and fre-
quency (counts), and relative frequency (percentages) for
categorical data. Standard diagnostic indices, including
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and diagnostic efficacy
were calculated as described by Galen RS [25]. For com-
paring categorical data, the Chi-square (x?) test was per-
formed. The exact test was used instead when the
expected frequency was less than 5 [26]. The receiver
operator curve (ROC) was constructed and an area
under curve analysis was performed to compare the
margin status between TB and FS. A p-value of less than
0.05 was considered statistically significant.

Results

Of the 30 patients enrolled in this study, 19 (63.3%) pa-
tients were males, and 11 (36.7%) were females. The
mean age was 54.4 + 12.3 years (23-75).

The oral cavity subsites were tongue (1 = 13; 43.3%), lip
(n=4; 13.3%), buccal mucosa (n=4; 13.3%), retromolar
area (n =4; 13.3%), lower alveolar ridge (n = 3; 10.0%), and
floor of the mouth (1 = 2; 6.7%). Regarding the T category
of the lesions, according to the seventh edition of the sta-
ging of head and neck cancer by the American Joint Com-
mittee of Cancer, 3 (10.0%) were T1, 17 (56.7%) were T2,
3 (10.0%) were T3, and 7 (23.3%) were T4.

A total of 140 mucosal margins were analyzed intraop-
eratively by TB and FS. The results were compared with
the final histopathological results of the same margins.
Of the 140 examined mucosal surgical margins, there
were six (4.3%) positive margins with invasive carcinoma
in the final histopathological examination, all these mar-
gins were stained positively by TB, and only three
(50.0%) of these margins were detected by FS.

For TB, 14/140 (10.0%) margins (14 margins from 11 pa-
tients; in three patients, there were two positive margins
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Table 1 The results of TB and FS compared with final
histopathology results
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Table 3 Sensitivity, specificity, reliability (PPV and NPV) and
accuracy of TB and FS for all T categories

Histopathological Diagnoses Sensitivity Specificity PPV NPV Accuracy
Positive Negative Total TB overall 100.0% 94.0% 429% 100.0% 94.3%
B Positive 6 (TP) 8 (FP) 14 (TP + FP) T 0 100.0% 0 100.0%  100.0%
Negative 0 (FN) 126 (TN) 126 (FN+TN) T2 100.0% 96.9% 50.0% 100.0%  97.1%
Total 6 134 140 (TP + TN+ FP +FN) T3 0 94.4% 0 1000%  94.4%
FS Positive 3 (TP) 0 (FP) 3 (TP +FP) T4 100.0% 86.8% 44.4% 100.0%  88.1%
Negative 3 (FN) 134 (TN) 137 (FN+TN) FS overall 50.00% 100.00%  100.0% 97.8% 97.9%
Total 6 134 140 (TP + TN + FP + FN) T1 0 100.0% 0 100.0%  100.0%
Abbreviations: FN false negative, FP false positive, FS frozen section, TB T2 50.0% 100.0% 100.0%  98.5% 08.5%
toluidine blue, TN true negative, TP true positive
T3 0 100.0% 0 100.0%  100.0%
T4 50.0% 100.0% 100.0%  95.0% 95.2%

per patient) were positively stained. However, among these
14 margins, only six (42.9%) were true-positives as con-
firmed by the final histopathology of the same margins, and
eight (57.1%) margins were false-positive (Table 1). There
were no false-negatives as confirmed by the final histopath-
ology of the same margins, indicating that TB was able to
identify all true-positive margins. Thus, the sensitivity was
100.0% (95% CI: 54.1-100.0%). Eight margins (8/140, 5.7%)
were false-positive, as confirmed on the final histopath-
ology, indicating specificity of 94.0% (95% CI: 88.6—97.4%).
The diagnostic accuracy of TB was 94.3% (95% CI: 89.0—
97.5%) with a PPV of 42.9% (95% CI: 27.7-59.5%) and NPV
of 100.0% (Table 2). The sensitivity and NPV remained un-
changed in all T categories. In contrast, specificity and PPV
were decreased in T3 and T4 tumors (Table 3).

For the FS, there were three true-positives (Fig. 2a), 134
true-negatives (Fig. 2b), three false-negative margins, and
no false-positive margins, as confirmed in the final histo-
pathology of the same margins (Fig. 3a, b), (Table 1). The
sensitivity of the test was 50.0% (95% CI: 11.8-88.2%) and
specificity 100.0% (95% CI: 97.3—100.0%). PPV was 100.0%
and NPV was 97.8% (95% CI: 95.2-99.0%). The diagnostic
accuracy of FS was 97.9% (95% CIL: 93.9-99.6%) (Table 2).

Table 2 Accuracy of TB and FS

Statistic Value 95% Cl
TB Sensitivity 100.0% 54.1 to 100.0%
Specificity 94.0% 88.6 to 97.4%
PPV 42.9% 27.7 10 59.5%
NPV 100.0%
Accuracy 94.3% 89.0 to 97.5%
FS Sensitivity 50.0% 11.8 to 88.2%
Specificity 100.0% 97.3 to 100.0%
PPV 100.0%
NPV 97.8% 95.2 t0 99.0%
Accuracy 97.9% 93.9 to 99.6%

Abbreviations: Cl Confidence Interval, FS frozen section, NPV negative
predictive value, PPV positive predictive value, TB toluidine blue

Note: T classification according to the 7th edition of staging of head and neck
cancer by the American Joint Committee of cancer

Abbreviations: FS frozen sections, NPV negative predictive value, PPV positive
predictive value, TB toluidine blue

Fig. 2 Microscopic photo of FS showing; a invasive squamous
epithelial cells within connective tissue stroma (positive margin H&E
%x100). b epithelial surface and connective tissue stroma (negative
margin with inflammation, H&E x200)
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Fig. 3 Microscopic photo of final histopathology showing; a invasive
squamous epithelial cells within connective tissue stroma (positive
margin, H&E x 200). b normal epithelial surface and connective
tissue stroma (negative margin, H&E x 200)

The specificity remains unchanged in all T categories, while
NPV decreases with T4 (Table 3).

Regarding the ROC (Fig. 4) analysis for positive margins,
we found that the area under the curve for FS was 75.0%
(95% CI 49.0-100.0%) with a sensitivity of 50.0% and a
specificity of 100.0% (p-value = 0.039). The area under the
curve for TB was 97.0% (95%CI 94.2%—-99.8%) with a sen-
sitivity of 100.0% and specificity of 94.0% (p < 0.001).

Discussion
TB is a metachromatic and affordable stain with a high af-
finity for DNA and RNA. High DNA and RNA content in
actively growing tissue—such as malignant proliferation
and wider intercellular canals compared to normal epithe-
lial cells—is responsible for staining malignant lesions [27].
Since the 1960s, TB has been used in vivo as a screening
tool. It has demonstrated its ability to generate malignant
and premalignant cell stains, but not normal mucosa [28].
The ability of TB to detect oral and oropharyngeal carcin-
oma is well documented. The sensitivity and specificity
rates for use of TB as a screening tool for oral premalignant
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and malignant lesions ranged from 77.0-100.0% and 65.5—
100.0%, respectively [11, 29-32]. Onofre et al. [11] and
Warnakulasuriya et al. [30] reported that TB was
100.0% sensitive for detecting oral carcinoma without
false-negative results. Epstein et al. [33] reported that
TB was 96.7% sensitive for detecting recurrence or sec-
ond primary cancers in patients previously treated for
UADT malignancies.

TB can more accurately assess the superficial extent of
a lesion before its excision, thus adding confidence in
tumor excision within safe surgical margins. It can also
be used to assess margin status after tumor resection
[34]. However, only two studies addressed the use of TB
for assessing tumor bed margins after excision of pri-
mary SCC [14, 15], and its use in assessing specimen-
driven margins has not been studied.

We examined use of TB as a triage-screening tool for
detecting positive mucosal margins of the main OSCC
specimen (specimen-driven margin), thereby guiding FS
sampling. We compared the results of TB to FS (stand-
ard of care) and final histopathology (gold standard) of
the same margins.

TB had a sensitivity of 100.0% and a specificity of
94.0% with a NPV of 100.0% and a PPV of 42.9%. Our
results are in general agreement with previous studies
[14, 15] regarding the ability of TB to identify all positive
mucosal tumor margins with no false-negatives and a
slightly lower specificity.

In this study, 14 margins were stained positively with
TB. Six were true-positive, as confirmed by the final
histopathological examination of the same margins. The
eight false-positive margins slightly reduced the TB spe-
cificity and our results were lower than the findings of
Junaid et al. [14] who reported a TB specificity of 97.0%.
Six of these eight false-positive margins were attributed
to surgical traumatic handling of the mucosa. This led to
the exposure of submucosal connective tissue which fa-
cilitated TB uptake by the nuclear material of the injured
exposed cells. In the remaining two false-positive mar-
gins, TB staining was caused by extensive inflammatory
cell foci. These were observed during the FS examin-
ation and in the final histopathological examination of
the same margins. At the site of inflammation, there is
an increase in both cellular activity and mechanical re-
tention, which facilitating TB retention [35].

Although our PPV was high (42.9%) compared to the
27.2% in the study by Junaid et al. [14], it is still sub-
optimal. PPV is inversely proportional to the number of
false-positive margins, which were most often related to
the traumatic handling of the mucosa during the resec-
tion. This indicates that careful tissue handling during ex-
cision may reduce false-positive results and increases the
PPV. However, TB staining had NPV of 100.0%, indicating
that it identified all positive mucosal tumor margins.
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Fig. 4 Receiver operator curve showing area under curve for FS =75.0% (95%Cl 49.0-100.0%) with sensitivity = 50.0% and specificity = 100.0%, p
value =0.039. Area under curve for TB =97% (95%C| 94.2-99.8%) with sensitivity = 100.0% and specificity = 94.0%, p-value< 0.001. Green and blue

When considering the T category of the tumor, the
false-positive margins were two in T2, one in T3, and
five in T4. Similar to Junaid’s results [14], most of the
false-positives were in the T4. All five false-positive T4
stains were attributed to mucosal trauma sustained dur-
ing the intraoperative handling of large-size tumors. This
exposed the submucosal connective tissue and facilitated
retention of the TB.

In his study, Portugal et al. [15] were reported that TB
staining of the surrounding unresected mucosa identified
three cases of a second primary tumor that were not pre-
viously identified. We cannot comment on identifying sec-
ond primary tumors as this was not detected in our study.

ES identified three of six positive margins, indicating
a sensitivity of 50.0%. These results are close to those
of Mair et al. [36] who reported that FS had a sensitiv-
ity of 45.4%. Our findings were inconsistent with some
previous studies that reported FS sensitivity of 72.0—
100.0% [14, 37-39]. The three false negatives that re-
duced the sensitivity of FS in our study were mainly at-
tributed to interpretation errors rather than sampling
errors (because all margins that were positive by TB
were included in the FS sampling). The interpretation
errors occurred as a result of inherent artifacts caused
by ice crystal formation, or by distortion of the tissue
architecture during the freezing process. These arti-
facts included darkened nuclei and nuclei angulation
changes. These factors make it more difficult to

recognize malignant cells and thus complicates the in-
terpretation of the FS.

All positive FS margins were also positive in the final
histopathological examination of the same margins with
no false-positives, indicating a 100.0% specificity. Our re-
sults were similar to those of Junaid et al. [14] who
found that FS had a specificity of 100.0%. When compar-
ing margin discrepancies based on the T category, we
found two false-negative margins in T4 and one false-
negative in T2. Notably, our study had a small sample
size and it was not possible to determine if the intraop-
erative false-negative results of the FS specimens and T
category depend on each other. This would require com-
paring the FS results within only one T category.

A triage test is used to rule out disease (not to rule in dis-
ease), and therefore needs very high sensitivity [40]. The re-
sult of this study showed that TB is highly sensitive and can
be used as a triage-screening tool for positive OSCC mucosal
margins. Moreover, TB can reduce the time and cost of FS.
The number of FS biopsies can be limited to the positive
stained mucosal margins plus a deep (non-mucosal) margin.

Although TB has a high sensitivity for positive OSCC
mucosal margins, this test is not without limitations. TB
is less-specific than FS. Also, resected tumor margin
scars that result from previous chemotherapy, radiother-
apy, or surgery may cause TB retention, potentially pro-
ducing false-positive results. Also, TB can only be used
to assess mucosal margins and has no diagnostic value
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for deep (non-mucosal) margins of resected specimens
since it is readily absorbed by connective tissue.

Conclusion

TB is less-specific but more sensitive than FS for detecting
positive mucosal margins of resected OSCC. Screening
the tumor mucosal margins with TB before FS sampling
may help identify more tumor-bearing margins.
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Acknowledgments

The authors wish to acknowledge the Department of Oral and Maxillofacial
Pathology, Faculty of Dentistry and Department of Pathology, NCI, Cairo
University, for their provision of equipment and services.

Authors’ contributions

Conception: HA, LF, AA. Design of the work: HA, LF, AA. Investigation: HA, LF,
AA, OJ. Formal analysis: HA, OJ. Project administration, Resources: OJ.
Validation: AA. Supervision, Visualization: LF. Drafted the manuscript, Data
curation: HA. Critical revision of the manuscript: OJ, AA. Final approval: All
authors.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the Research Ethical Committee at the Faculty
of Dentistry, Cairo University (number: 10 6 18). This study operated in
compliance with the Helsinki Declaration, and written informed consent was
obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Oral and Maxillofacial Pathology, Faculty of Dentistry, Cairo
University, Cairo, Egypt. “Department of Oral and Maxillofacial Pathology,
Faculty of Dentistry, Hodeidah University, Hodeidah, Yemen. 3Depar‘[ment of
Pathology, National Cancer Institute, Cairo University, Cairo, Egypt.
“Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Cairo
University, Cairo, Egypt. *Department of Oral and Maxillofacial Surgery,
Faculty of Dentistry, Hodeidah University, Hodeidah, Yemen.

Received: 6 July 2020 Accepted: 16 November 2020
Published online: 25 November 2020

References

1. Ghantous Y, Abu El. Global incidence and risk factors of Oral Cancer.
Harefuah. 2017;156(10):645-9.

2. Warnakulasuriya S. Global epidemiology of oral and oropharyngeal cancer.
Oral Oncol. 2009;45(4-5):309-16.

3. Fujiwara RJT, Burtness B, Husain ZA, Judson BL, Bhatia A, Sasaki CT, et al.
Treatment guidelines and patterns of care in oral cavity squamous cell
carcinoma: primary surgical resection vs. nonsurgical treatment. Oral Oncol.
2017,71:129-37.

22.

23.

24.

25.

26.

Page 7 of 8

Sutton DN, Brown JS, Rogers SN, Vaughan ED, Woolgar JA. The prognostic
implications of the surgical margin in oral squamous cell carcinoma. Int J
Oral Maxillofac Surg. 2003;32(1):30-4.

McMahon J, O'Brien CJ, Pathak |, Hamill R, McNeil E, Hammersley N, et al.
Influence of condition of surgical margins on local recurrence and disease-
specific survival in oral and oropharyngeal cancer. Br J Oral Maxillofac Surg.
2003/41(4):224-31.

Ravi SB, Annavajjula S. Surgical margins and its evaluation in oral cancer: a
review. J Clin Diagn Res. 2014;8(9):ZE01-5.

Baj A, Fusco N, Bolzoni A, Carioli D, Mazzucato C, Faversani A, et al. A novel
integrated platform for the identification of surgical margins in oral
squamous cell carcinoma: results from a prospective single-institution series.
BMC Cancer. 2019;19(1):467.

Mannelli G, Comini LV, Piazza C. Surgical margins in oral squamous cell
cancer: intraoperative evaluation and prognostic impact. Curr Opin
Otolaryngol Head Neck Surg. 2019,27(2):98-103.

Mashberg A. Final evaluation of tolonium chloride rinse for screening of
high-risk patients with asymptomatic squamous carcinoma. J Am Dent
Assoc. 1983;106(3):319-23.

Epstein JB, Silverman S Jr, Epstein JD, Lonky SA, Bride MA. Analysis of oral
lesion biopsies identified and evaluated by visual examination,
chemiluminescence and toluidine blue. Oral Oncol. 2008;44(6):538-44.
Onofre MA, Sposto MR, Navarro CM. Reliability of toluidine blue application
in the detection of oral epithelial dysplasia and in situ and invasive
squamous cell carcinomas. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2001;91(5):535-40.

Wang X, Yang J, Wei C, Zhou G, Wu L, Gao Q, et al. A personalized
computational model predicts cancer risk level of oral potentially malignant
disorders and its web application for promotion of non-invasive screening. J
Oral Pathol Med. 2020;49(5):417-26.

Kerawala CJ, Beale V, Reed M, Martin IC. The role of vital tissue staining in
the marginal control of oral squamous cell carcinoma. Int J Oral Maxillofac
Surg. 2000;29(1):32-5.

Junaid M, Choudhary MM, Sobani ZA, Murtaza G, Qadeer S, Ali NS, et al. A
comparative analysis of toluidine blue with frozen section in oral squamous
cell carcinoma. World J Surg Oncol. 2012;10:57.

Portugal LG, Wilson KM, Biddinger PW, Gluckman JL. The role of toluidine
blue in assessing margin status after resection of squamous cell carcinomas
of the upper aerodigestive tract. Arch Otolaryngol Head Neck Surg. 1996;
122(5):517-9.

Chang AM, Kim SW, Duvvuri U, Johnson JT, Myers EN, Ferris RL, et al. Early
squamous cell carcinoma of the oral tongue: comparing margins obtained
from the glossectomy specimen to margins from the tumor bed. Oral
Oncol. 2013;49(11):1077-82.

Chiosea SI. Intraoperative margin assessment in early Oral squamous cell
carcinoma. Surg Pathol Clin. 2017;10(1):1-14.

Kain JJ, Birkeland AC, Udayakumar N, Morlandt AB, Stevens TM, Carroll WR,
et al. Surgical margins in oral cavity squamous cell carcinoma: current
practices and future directions. Laryngoscope. 2020;130(1):128-38.
Gandolfo S, Pentenero M, Broccoletti R, Pagano M, Carrozzo M, Scully C.
Toluidine blue uptake in potentially malignant oral lesions in vivo: clinical
and histological assessment. Oral Oncol. 2006;42(1):89-95.

Loree TR, Strong EW. Significance of positive margins in oral cavity
squamous carcinoma. Am J Surg. 1990;160(4):410-4.

Tirelli G, Hinni ML, Fernandez-Fernandez MM, Bussani R, Gatto A, Bonini P,
et al. Frozen sections and complete resection in oral cancer surgery. Oral
Dis. 2019;25(5):1309-17.

Seethala RR, Weinreb |, Bullock MJ, Carlson DL, Ferris RL, Harrison LB, et al.
Protocol for the Examination of Specimens from Patients with Cancers of
the Lip and Oral Cavity. LipOralCavity 4.0.0.1 2017 [Available from: www.cap.
org/cancerprotocols. Accessed 1 Sept 2020.

Reibel J, Gale N, Hille J, Hunt JL, Ungen M, Muller S, et al. Oral potentially
malignant disorders and oral epithelial dysplasia. In: El-Naggar AK, Chan JKC,
Grandis JR, Takata T, Slootweg PPJ, editors. WHO classification of head and
neck Tumours. 4th ed. Lyon: IARG; 2017. p. 112-3.

Arifin WN. (2017). Sample size calculator (Version 2.0) Available from: http://
wharifin.github.io. Accessed 3 July 2018.

Galen RS. Predictive value and efficiency of laboratory testing. Pediatr Clin N
Am. 1980,27(4):861-9.

Chan YH. Biostatistics 103: qualitative data - tests of independence. Singap
Med J. 2003;44(10):498-503.


http://www.cap.org/cancerprotocols
http://www.cap.org/cancerprotocols
http://wnarifin.github.io
http://wnarifin.github.io

Algadi et al. BMC Cancer (2020) 20:1147 Page 8 of 8

27. Belal M, Elmoneim W, Nasry S, Mostafa B, Ali S. VELscope versus toluidine
blue for detection of dysplastic changes in oral keratotic lesions: diagnostic
accuracy study. J Arab Society Med Research. 2018;13(1):45-52.

28.  Shedd DP, Hukill PB, Bahn S. In vivo staining properties of oral cancer. Am J
Surg. 1965;110(4):631-4.

29.  Myers EN. The toluidine blue test in lesions of the oral cavity. CA Cancer J
Clin. 1970,20(3):134-9.

30.  Warnakulasuriya KA, Johnson NW. Sensitivity and specificity of OraScan (R)
toluidine blue mouthrinse in the detection of oral cancer and precancer. J
Oral Pathol Med. 1996;25(3):97-103.

31. Singh D, Shukla RK Utility of toluidine blue test in accessing and detecting intra-
oral malignancies. Indian J Otolaryngol Head Neck Surg. 201567(Suppl 1)47-50.

32. Epstein JB, Scully C, Spinelli J. Toluidine blue and Lugol's iodine application
in the assessment of oral malignant disease and lesions at risk of
malignancy. J Oral Pathol Med. 1992;21(4):160-3.

33. Epstein JB, Feldman R, Dolor RJ, Porter SR. The utility of tolonium chloride
rinse in the diagnosis of recurrent or second primary cancers in patients
with prior upper aerodigestive tract cancer. Head Neck. 2003;25(11):911-21.

34. Piazza C. F DB, Peretti G, Nicolai P. 'Biologic endoscopy": optimization of
upper aerodigestive tract cancer evaluation. Curr Opin Otolaryngol Head
Neck Surg. 2011;19(2):67-76.

35. Cancela-Rodriguez P, Cerero-Lapiedra R, Esparza-Gomez G, Llamas-Martinez
S, Warnakulasuriya S. The use of toluidine blue in the detection of pre-
malignant and malignant oral lesions. J Oral Pathol Med. 2011;40(4):300-4.

36.  Mair M, Nair D, Nair S, Dutta S, Garg A, Malik A, et al. Intraoperative gross
examination vs frozen section for achievement of adequate margin in oral
cancer surgery. Oral Surg Oral Med Oral Pathol Oral Radiol. 2017;123(5):544-9.

37. Layfield EM, Schmidt RL, Esebua M, Layfield LJ. Frozen section evaluation of
margin status in primary squamous cell carcinomas of the head and neck: a
correlation study of frozen section and final diagnoses. Head Neck Pathol.
2018;12(2):175-80.

38. Abbas SA, lkram M, Tarig MU, Raheem A, Saeed J. Accuracy of frozen
sections in oral cancer resections, an experience of a tertiary care hospital. J
Pak Med Assoc. 2017,67(5):806-9.

39. DuE Ow TJ, Lo YT, Gersten A, Schiff BA, Tassler AB, et al. Refining the utility
and role of frozen section in head and neck squamous cell carcinoma
resection. Laryngoscope. 2016;126(8):1768-75.

40. Cohen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA, Hooft L, et al.
STARD 2015 guidelines for reporting diagnostic accuracy studies:
explanation and elaboration. BMJ Open. 2016;6(11):e012799.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Sample size calculation
	Statistical method

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

