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ABSTRACT

Background: Oral carcinoma is among the most prevalent malignancies of head and neck region and is often
diagnosed in the advanced stage with significant morbidity and treatment cost. Thus, there is a need for early
detection of oral premalignant and malignant lesions. Toluidine blue staining can be used for early detection of these
lesions.

Methods: The study included 50 patients with clinically suspicious oral premalignant and malignant lesions. These
lesions were subjected to toluidine blue staining and biopsy. Diagnoses were confirmed by histopathological
examination.

Results: Sensitivity and specificity of toluidine blue for oral premalignant lesions was 92.30% and 80% respectively
with the positive predictive value of 92.30%, negative predictive value of 80% and accuracy of 88.88%. Sensitivity
and specificity of toluidine blue for oral malignant lesions was 96.30% and 80% respectively with the positive
predictive value of 96.30%, negative predictive value of 80% and accuracy of 93.75%.

Conclusions: The simplicity of toluidine blue staining and its accuracy suggest that it can be a useful adjunctive tool
to diagnosis of oral lesions. Results should be carefully evaluated and correlated with clinical findings and
histopathological diagnosis.
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INTRODUCTION

Oral cancer is usually defined as squamous cell
carcinoma of lips, oral cavity and oropharynx. In the
world, 1.6% of all malignancies are comprised of oral
cancers; males in the age group of 40-50 years and
belonging to lower socioeconomic strata are most
commonly affected. The rate of diagnosis of late stage
oral cancers in men in their 4th and 5th decade has
increased from 3.6 to 8.4 per 100000." Though there are
many advanced surgical techniques and treatment

options, the 5-year survival rate is still ~40-50%.%* There
is a strong association between habitual -cigarette
smoking and alcohol use and oral premalignant lesions
and oral malignant lesions.

There are 3 types of premalignant lesions that are
common in Punjab which are leukoplakia, erythroplakia
and lichen planus. These lesions have greater potential
for malignant transformation than other oral lesions.
Their early detection is crucial for improving the survival
rate and reducing morbidity, disfigurement, function loss,
treatment duration, and hospital costs.
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Oral malignant lesions mainly include squamous cell
carcinoma of lips, tongue and floor of mouth, buccal
mucosa, gingivobuccal complex and hard palate. Oral
malignancies are generally at the advanced stage at the
time of diagnosis. At an early stage, oral squamous cell
carcinoma is often curable and treatment remains
inexpensive.*

Early stages are difficult to detect as sometimes lesions
may not be palpable and changes in color are not very
different from the surrounding mucosa. The main
difficulty is when and from where the biopsy should be
taken. In ~16% of cases of leukoplakia, malignancy was
found on histopathology.>® Thus, identifying clinically
suspicious or undetectable lesions has gained importance
whereby diagnosis can be confirmed by biopsy at an
earlier stage.

The strategy should be targeted towards the development
and use of easily available diagnostic aids that could help
clinicians more readily identify or assess persistent oral
lesions of uncertain biologic significance. The toluidine
blue test is based on the principle that dysplastic cells
contain quantitatively more nucleic acids and a dysplastic
epithelium also has some loss of cohesion. These features
help the penetration of acidophilic toluidine blue through
the epithelium resulting in retention of the dye in
malignant cells with increased DNA and RNA, whereas
normal mucosa doesn’t retain the dye.” Toluidine blue
test forms cheaper and more apt modality of choice,
considering easy availability, limited resources and
widespread need because of the higher incidence of oral
premalignant lesions and oral malignant lesions in the
region of Punjab. Hence, this study was conducted to
evaluate the use of toluidine blue as an adjunctive tool to
clinical examination in the early diagnosis of oral
premalignant lesions and oral malignant lesions.

METHODS

The present study was conducted on 50 patients with oral
lesions who visited in OPD in the department of
Otolaryngology- Head and Neck Surgery, Government
Medical College and Rajindra Hospital, Patiala from
2014-2016.This study included patients with age group of
20 to 80 years with clinically suspicious premalignant
and malignant lesions of the oral cavity, irrespective of
site and stage. Patients with history of head and neck
irradiation and acute trauma in oral cavity were excluded
from the study.

A detailed history of the symptoms and their duration
was taken. Family history and history of alcohol, tobacco
and other substance abuse was also taken. Examination of
the oral cavity and oropharynx, IDL examination,
laryngeal endoscopy, anterior rhinoscopy, posterior
rhinoscopy, ear examination and general physical
examination of each patient was done. Routine
investigations such as complete haemogram, ECG and
complete urine examination were done.

2% acetic acid was applied with cotton bud for 20
seconds on the lesions and then rinsed with water. 1%
toluidine blue was applied with a cotton bud for 10-20
seconds and was decolorized with 2% acetic acid using a
cotton bud for 20-30 seconds. Dark blue stain was
considered as positive for lesions suspicious of
malignancy, light blue retention was considered as
positive for premalignant lesions unless proved otherwise
by biopsy and the lesions without any retention of stain
was considered as negative (Figures 1A, 1B, 2A and 2B).

S—— ]

Figure 1 (A): Oral premalignant lesion.

Figure 1 (B): Oral premalignant lesion post toluidine
blue staining.

Figure 2 (A): Oral malignant lesion.
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Figure 2 (B): Oral malignant lesion post toluidine blue
staining.

Biopsy site was selected on the basis of clinical
appearance and dye retention and in the sites where no
retention of the stain occurred, clinical judgment directed
the biopsy. Histopathological grading for premalignant
lesions was performed as per the pathologic features,
which was grouped into leukoplakia, erythroplakia and
lichen planus. Oral malignancies were graded into well-
differentiated (Grade 1), moderately differentiated (Grade
2) and poorly differentiated (Grade 3) squamous cell
carcinoma.

Diagnostic validity tests that are sensitivity, specificity,
positive predictive values (PPV), negative predictive
values (NPV) and diagnostic accuracy (DA) was

performed to determine the utility of the test results for
predicting the various condition of the disease. Software
Program for Statistical Significance-20.0 software was
used for statistical analysis. P value <0.05 was considered
significant and p<0.01 was considered highly significant.
Written and informed consent from each of the patients
was taken for the study.

RESULTS

In our study, maximum incidence of oral premalignant
lesions was seen from 4" to 6" decade with peak in 5"
decade. Whereas oral malignant lesions were seen in 4™
to 6™ decade with peak in 6™ decade (Tablel). Males
were predominant in the study, male female ratio being
1.4:1 and 5.2:1 for oral premalignant and malignant
lesions respectively. Among oral premalignant lesions,
maximum numbers of cases were recorded amongst
unemployed followed by labourers. In oral malignant
lesions, most of cases were amongst labourers followed
by unemployed (Table 2).

Out of 50 cases, clinically suspicious oral premalignant
and malignant lesions were 19 and 31 respectively.
Whitish patch was the most common presenting symptom
amongst clinically suspicious oral premalignant lesions
(Table 3).

Table 1: Age distribution in clinically suspicious oral premalignant and malignant lesions.

Clinically suspicious oral premalignant lesions

Leukoplakia (n=12)

Erythroplakia (n=3)

Clinically suspicious oral

Lichen planus (n=4) Faelile[atiis EE TN Eekb)

I N % N % N % N %
21-30 2 16.67 0 0 0 0 0 0
31-40 1 8.33 0 0 1 25 5 16.13
41-50 6 50 2 66.67 3 75 6 19.35
51-60 3 25 1 33.33 0 0 11 35.48
61-70 0 0 0 0 0 0 5 16.13
71-80 0 0 0 0 0 0 4 12.90
Total 12 100 3 100 4 100 31 100
Mean age  41+6.50 48.33+5.77 42.25+6.50 55.94+12.74

Table 2: Occupations in clinically suspicious oral premalignant and malignant lesions.

Occupation Clinically suspicious oral premalignant lesions Malignant
Leukoplakia Erythroplakia Lichen planus lesions
N (%) N (%) N (%) |
Farmer 1(8.33) 0 (0%) 0 (0%) 3(9.68)
Government
servant 2 (16.67) 0 (0) 1(25) 2 (6.45)
Unemployed 5 (41.67) 1(33.33) 2 (50) 5(16.13)
Labourer 2 (16.67) 2 (66.67) 0 (0) 16 (51.61)
Private job 2 (16.67) 0(0) 1(25) 5 (16.13)
Total 12 (100) 3 (100) 4 (100) 31 (100)
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Table 3: Presenting symptoms in clinically suspicious oral premalignant lesions.

Clinically suspicious premalignant lesions
Presenting symptoms Leukoplakia (n=12) Erythroplakia (n=3) Lichen planus (n=4)
N % N % N %

Patch (whitish or reddish) 12 100 3 100 0 0
Mucosal discoloration 0 0 0 0 4 100
Ulceration 0 0 1 33 0 0

Table 4: Presenting symptoms in clinically suspicious malignant lesion.

Clinically suspicious malignant lesion (n=31)

Presenting symptoms

%
Dysphagia 5 16.67
Trismus 6 20
Ulceration 29 96.67
Pain in oral cavity 15 50
Mass in oral cavity 14 46.67
Lingual paresthesia 1 3.33
Loose teeth 6 20
Infraorbital paresthesia 1 3.33
Neck swelling 13 43.33
Otalgia 4 13.33

Table 5: Subsite involvement in clinically suspicious oral premalignant and malignant lesions.

Clinically suspicious

Subsite malignant lesion (n=31) Leukoplakia Erythroplakia Lichen planus
N % N % N N
Lips (upper or lower) 2 6.67 0 0 0 0 0 0
Oral tongue ventral 0 0 1 8.33 0 0 0 0
Oral tongue dorsal 1 3.33 0 0 0 0 0 0
Oral tongue lateral 5 16.67 2 16.67 0 0 0 0
Mandibular gingiva 3 10 0 0 0 0 0 0
Maxillary gingiva 2 6.67 0 0 0 0 0 0
Buccal mucosa 11 35.48 9 75 3 100 4 100
Floor of mouth 2 6.67 0 0 0 0 0 0
Hard palate 1 3.33 0 0 0 0 0 0
Retromolar trigone 4 13.33 0 0 0 0 0 0

Table 6: Toluidine blue staining clinically suspicious oral premalignant and malignant lesions.

Toluidine blue staining

Clinically suspicious oral lesions

Positive Negative
Premalignant (n=19) 14 5
Malignant (n=31) 26 5
Total (n=50) 40 10

Table 7: HPE of clinically suspicious oral premalignant and malignant lesions.

Ola
Frequency %
. . . Leukoplakia 10 20
;);;)Ilgsrg)n?rl]g?sa)nt lesions (with Erythroplakia 5 4
Lichen planus 3 6

Continued.
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Oral malignant lesion

_ Frequency %
Carcinoma in situ 1 2
Well differentiated 11 22

(n=27) Moderately differentiated 12 24
Poorly differentiated 3 6
Benign lesion 8 16

Table 8: Analysis of toluidine blue staining and HPE for oral premalignant and malignant lesions.

_ Toluidine blue staining Positive Negative
Lesion on Sensiti-  Specifi- . predi- Accur X2
: : L . L predict- .
histopathological Positiv.  Negat vity city . ctive -acy (p
L . Total tive value
| examination -ive value value)
Premali  Positive 12 1 13 7.63
-gnant . 92.30 80 92.30 80 88.88  (0.014)
era Negative 1 4 5 Sig
Maliana Positive 26 1 27 8.63
g . 96.30 80 96.30 80 93.75 (0.010)
nt lesion Negative 1 4 5 Sig

In clinically suspicious oral premalignant lesions, most
common site involved in leukoplakia was buccal mucosa
(73.33%) followed by oral tongue lateral surface
(16.67%) and oral tongue ventral surface (8.33%), The
most common of subsite of lichen planus and
erythroplakia was buccal mucosa (100%) (Table 5).
Overall in oral premalignant lesions, most common habit
was smoking (52.63%), followed by alcohol use (21%)
and tobacco use (in other form) (15.8%).

Amongst total 50 patients, in clinically suspicious oral
premalignant lesions (n=19), 14 cases were TB staining
positive and 5 cases were TB staining negative (Table 6).
On histopathology, among oral premalignant lesions,
dysplasia was seen in 15 cases (30%) (Table 7).
Toluidine blue staining in oral premalignant lesions
showed sensitivity of 92.30%, specificity of 80%,
positive predictive value of 92.30%, negative predictive
value of 80% and accuracy of 88.88% (Table 8).

In oral malignant lesions, ulceration (96.67%) followed
by mass in oral cavity (46.67%) were the most common
symptoms (Table 4). The most common of subsite of oral
malignant lesions was buccal mucosa (35.48%) followed
by oral tongue lateral (16.67%) and retromolar trigone
(13.33%) (Table 5). In oral malignant lesions, the
smoking was present in 70% of patients while alcohol use
and tobacco use (in other form) was present in 43.33%
and 36.67% respectively. Overall, smoking and
alcoholism was present simultaneously in 15 cases
(30%). Maximum number of cases of oral malignant
lesions belonged to stage 111 (26%) followed by stage Il
(12%), stage | (8%), stage IV (6%) and stage 0 (2%). In
clinically suspicious oral malignant lesions, TB staining
positive and negative cases were 26 and 5 respectively
(Table 6). Among oral malignant lesions, all were
squamous cell carcinoma, of which, well differentiated

were 12 (24%), moderately differentiated were 12 (24%)
and poorly differentiated were 3 (6%). Out of 50 cases, 8
(16%) cases were found to be benign (Table 7). Toluidine
blue staining in oral malignant lesions shows sensitivity
of 96.30%, specificity of 80%, positive predictive value
of 96.30%, negative predictive value of 80% and
accuracy of 93.75% (Table 8).

DISCUSSION

Toluidine blue is a vital dye that stains nucleic acids and
abnormal tissues. Staining with toluidine blue has been
used as an adjunctive tool for detection of oral
premalignant and malignant lesions since decades. In our
study, overall mean age for clinically suspicious oral
premalignant lesions is 43.86 years, which was
comparable with study done by Upadhyay et al who
reported mean age to be 53.83 years.® Among clinically
suspicious oral malignant lesions, mean age at
presentation was 55.94 years, which was congruent with
study by Lekawale et al who reported the mean age of
58.6 years.” Overall gender distribution (male to female
ratio) in oral premalignant lesions was 1.4:1, which was
in concordance with studies by Petkowicz et al and
Starzynska et al, both reporting male to female ratio as
1:1.°" Among oral malignant lesions, male to female
ratio was 5.2:1. This was comparable with a study by
lype et al reporting ratio of 6.7:1 and a study by Dewan et
al reporting ratio of 5.77:1.*** Higher proportions of
drinkers and/or smokers amongst males than females
explains the male preponderance in oral premalignant
lesions and oral malignant lesions. Oral premalignant
lesions and oral malignant lesions were highly prevalent
in cases of labourers and unemployed. This can be
attributed to the low socio-economic status, lack of
education and awareness regarding personal oral hygiene
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and oral health. Due to lack of education there is high
tendency towards substance abuse.™

In our study, in leukoplakia, the most common presenting
symptom was whitish patch. In erythroplakia, the most
common presenting symptom is reddish discoloration and
ulceration was present in 33% of cases. In all patients of
lichen planus, the most common presenting symptom was
mucosal discoloration. As only one symptom is present in
most of the cases of oral premalignant lesions, they are
ignored more often than the lesions debilitating the
patients such as pain and ulceration. We found that in
clinically suspicious oral malignant lesions, the most
common presenting symptom is ulceration (96.67%),
followed by mass in oral cavity (46.67%) and neck
swelling (43.33%). Sharma et al reported oral ulcer
(76%) to be most common symptom followed by pain
(43%) and growth (33%)."°Oliveira et al reported most
common symptom as ulcer (87.9%) followed by pain
(70.4%).*°

In our study, in leukoplakia, most common site affected
was buccal mucosa (73.33%), followed by lateral surface
of tongue (16.67%) and ventral surface of tongue
(8.33%). In all cases of erythroplakia and lichen planus,
lesions were present in buccal mucosa. Lee et al and
Pallagatti et al also found buccal mucosa (65.7% and
57.5%, respectively) as the most common site for oral
premalignant lesions.*”*® In the present study, amongst
clinically suspicious oral malignant lesions (n=31), most
common site affected was buccal mucosa (35.48%),
followed by oral tongue lateral surface (16.67%) and
retromolar trigone (13.33%). Gaphor et al and Hosagadde
et al also reported that buccal mucosa (37.5% and
32.86%) is most prevalent site for oral malignant
lesions.'®*® Habit of keeping tobacco or other substances
in buccal region is quite common in India which could be
the reason for involvement of buccal mucosa in most oral
premalignant lesions and oral malignant lesions.

Among oral premalignant lesions, we found that most
common habit was smoking (52.63%), followed by
alcohol use (21%) and tobacco use in other form (15.8%).
Pallagatti et al reported smoking as the most common
habit (70%), followed by alcohol use (26%)."® In oral
malignant lesions, most common habit was tobacco
smoking (70%), followed by alcohol use (43.33), tobacco
use in other form (36.67%) and simultaneous alcohol
with tobacco use (30%). It is comparable with study by
Prasan et al reporting most common habits as smoking
and alcohol (44%, each).?® Simultaneous use of alcohol
and tobacco results in synergistic carcinogenic effect due
to dehydrating effect of alcohol on cell membranes. It
enhances penetrating ability of tobacco associated
carcinogen into tissues. Also, alcoholics suffer from
nutritional deficiencies and lack the antioxidants which
prevent carcinogenesis.*

In oral malignant lesions, clinically, maximum number of
cases belonged to stage Il (26%), followed by stage |

(18%), stage 11 (12%), stage 1V (6%) and stage 0 (2%).
Shenoy et al reported most oral malignant lesions cases
with stage 111 (82.37%), followed by stage Il (11.53%)
and stage 1V (6.10%).% Oral squamous cell carcinoma is
associated with high morbidity due to late treatment.
However, if it is diagnosed early, disease becomes
curable and treatment becomes inexpensive.

In present study, in clinically suspicious oral
premalignant lesions, 14 cases were toluidine blue
staining positive and 5 cases were negative. In clinically
suspicious oral malignant lesions, toluidine blue staining
positive cases were 26 and negative cases were 5. These
lesions were then subjected to biopsy and histopathology.
On histopathology, among 50 cases, dysplasia was seen
in 30% cases, carcinoma in situ was seen in 2% cases,
22% cases were well differentiated, 24% cases were
moderately differentiated, 6% cases were poorly
differentiated and 16% cases were benign. Ramasamy et
al found well differentiated carcinoma in 36%,
moderately differentiated carcinoma in 33% and poorly
differentiated  carcinoma  in  16.2%  cases.”’
Histopathological examination is the gold standard
investigation for confirming the diagnosis of oral
premalignant and malignant lesions. Prognosis of oral
SCC depends on histopathological staging. Response to
oncosurgical clearance and radiotherapy is good in well
differentiated SCC and poor in poorly differentiated
squamous cell carcinoma.”*

For oral premalignant lesions (dysplastic lesions),
toluidine blue staining showed sensitivity of 92.30%,
specificity of 80%, positive predictive value of 92.30%,
negative predictive value of 80% and diagnostic accuracy
of 88.88%. Our study is comparable with a study by
Allegra et al, who reported that toluidine blue staining in
oral premalignant and malignant lesions showed
sensitivity of 96.20%, specificity of 77.7%, positive
predictive value of 86.60% and negative predictive value
of 93.30%.* Pallagatti et al reported sensitivity and
specificity of toluidine blue staining in oral premalignant
lesions to be 95% and 71.45% respectively, whereas
positive predictive value of 84.6% and negative
predictive value of 90.9%. The diagnostic accuracy was
reported to be 86.48%.® Our study is not in concordance
with a study by Desai et al, who found that the sensitivity
for the detection of dysplastic lesions by toluidine blue
staining to be 69.77%.% Another study by Sinha et al,
reported the overall specificity of toluidine blue staining
in identifying dysplastic lesions to be 50%.%

In our study for clinically suspicious oral malignant
lesions, the sensitivity for toluidine blue staining was
96.30%, specificity was 80%, positive predictive value
was 96.30%, negative predictive value was 80% and
diagnostic accuracy was 93.75%. Our study is congruent
with a study by Sapna et al who found that toluidine blue
staining showed sensitivity and specificity to be 92% and
82% respectively. Their study reported positive
predictive value of 93% and negative predictive value of
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79%.%" Vashisht et al also reported that sensitivity and
specificity of toluidine blue was 86.36% and 76.9%
respectively. The positive predictive value and negative
predictive value were 86.36% and 76.9%.% The present
study is not in concordance with study conducted by
Onofre et al, who reported sensitivity and specificity for
toluidine blue in oral malignant lesions to be 100% and
65% respectively.”® Rodriguez et al reported the
sensitivity and specificity for detection of oral
malignant/premalignant lesions to be 65.5% and 73.3%
respectively.’

Several factors played role for difference in the
sensitivity and specificity. Firstly, irrespective of
malignancy status, traumatic and ulcerative lesions tend
to retain the dye yielding high number of false positive
results. Secondly, highly keratotic lesions restrict the
penetration of the dye to reach depth at which cellular
changes take place, resulting in false negative results.®
Also, misinterpretation of the intensity of color post
toluidine blue staining can result in observer bias.*! Guo
et al reported that a group of false positive lesions with
allelic losses occurring at loss of heterozygosity,
warranting further molecular study of false positive
lesions.® We followed the guidelines given by Mashberg
et al regarding how to decrease the false positive cases.*
All suspicious inflammatory or chronic traumatic lesions
were given treatment for two weeks and re-evaluated and
stained after 2 weeks. If the stain is retained, they were
deemed to be positive. The lesions that stained faintly
were histopathologically negative in most cases.

CONCLUSION

Toluidine blue staining along with clinical examination
serves as an outdoor procedure for screening of oral
cancer. It is also helpful in the patients who don’t give
consent for the incisional biopsy. Toluidine blue staining
gives the information regarding the margins of lesion;
accentuate the decision to biopsy, guides the biopsy site
selection for early diagnosis and treatment of oral
premalignant and malignant lesions.
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