
Introduction
Oral cancer with a global incidence of 10 million cases in

the year 2000 is among the most frequent head and neck

malignancies. Further, this figure is expected to rise to

about 15 million in 2020.1 Due to cultural practices, a

majority of these patients reside in developing countries,

especially Southeast Asia. Karachi south ranks highest in

terms of age-standardised ratio for oral cancers in both

men and women.2

With the primary management for oral cancer being

surgical excision, the importance of intra-operative

tumour-free margins need not be emphasised. Given the

high burden of disease, a quick, safe and economical intra-

operative method to confirm the presence of residual

disease is of essence. Different techniques have been used

to identify the status of tumour margins intra-operatively.

The most commonly used method is a frozen-section

biopsy of the margins due to its high sensitivity (86.6,

88.8%) and specificity (99.6, 98.9%).3,4 However, given the

relative developing status of our health-care system, it is

not available in a majority of centres. Where available, the

service costing around Rs 6500 (USD-75) for 5 margins is

out of the financial reach for a majority of patients. 

Considering this dilemma, the current study set out to find a

cost-effective alternative for the intra-operative assessment

of tumour margins. One such method involves the use of

supravital stains, such as toluidine blue (toluiniunm

chloride). The dye, due to its inherent affinity for nucleic

acids, stains the tumour cells strongly.5 Further, it has been

demonstrated to stain malignant and pre-malignant lesions

of the oral cavity. However, results have been diverse.6-8

Given this we decided to study the application of toluidine

for the assessment of intra-operative tumour margins in oral

cavity squamous cell carcinoma (OCSCC).

Patients and Methods
After approval from the  ehics review committee, a

prospective, cross-sectional study was carried out on 56

consecutive + 2 pilot patients with biopsy-proven OCSCC

at the Aga Khan University Hospital, Karachi. Consenting

patients undergoing surgical excision were recruited

without any prerequisite criteria between December 1,

2009, and March 14, 2010. The patients were included in

the study regardless of age, gender, stage and grade of

tumour. However, patients with a history of previous oral

cavity surgery and/or radiation therapy were excluded as

increased inflammation and scar tissue lead  to errors

while interpreting the results.

During this period, 2 experienced head and neck surgeons

performed the procedures with assistance from senior

residents. Primary tumour resection varied on an individual
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basis with a focus on excision of the tumour with safe

margins. The primary excision was followed by a neck

dissection, the extent of which was defined by the patient's

disease. The operative protocol was essentially the same

with negligible differences due to the attending surgeon's

preference. All tumours were stained as per the given

protocol and no deviations were made due to the location

or extent of disease. One senior resident was assigned the

responsibility for this procedure in all patients. The senior

resident recorded his findings in a log and was blinded from

the final results of the histopathology. Once the margins

were painted and log noted, regular-frozen section biopsies

were taken by the primary surgeon as per the institutional

policy and ethical constraints. In addition, if any margin

stained positive with toluidine blue, the primary surgeon

was requested to take a frozen-section biopsy from the area.

After the resection of primary tumour and frozen biopsies,

the specimens were sent to the histopathology lab within

10 mins. The histopathologist was also blinded to the

findings of the log; However, it is possible that the staining

may have persisted after processing, influencing the

decision of the histopathologist. Post-operatively, all the

cases were discussed in weekly tumour board meetings

where further treatment with radiation or chemotherapy

was decided on an individual basis. 

After the primary tumour was excised, the tumour margins

were irrigated with normal saline, followed by 1% acetic acid

and gently dried with gauze. The margins were then painted

with 1% toluidine blue solution, prepared as described in

literature,5 with a cotton swab and left in place for 30 seconds

(Figure). This was subsequently followed by irrigation with

normal saline and 1% acetic acid. The margins were gently

dried and the staining patterns observed by the senior

resident independently. Margins which stained dark blue

were considered to be positive, whereas those which stained

light blue or did not take the stain at all were considered

negative. In order to establish staining patterns, we used

simultaneous frozen sections in our 2 pilot patients and

revealed the results to the interpreter during the surgery. No

bony margin was stained due to the inherent property of the

dye to stain mucosa only.

Hence, we also compared the histopathology of the

surgical specimens with the peri-operative toluidine blue

results and evaluated the sensitivity, specificity, positive

predictive value (PPV), negative predictive value (NPV), and

overall accuracy of toluidine blue staining to differentiate

between positive and negative tumour margins.

Results
Fifty six consenting patients were enrolled in the study, of

which 42 (75%) were male and 14 (25%) were female with

an average age of 50.07±15.73 years. The most common

site of the lesion was the buccal mucosa 23 (41%), followed

by tongue 13 (23.2%), lower alveolus 7 (12.5%), retro-molar

trigone 5 (8.95%), upper alveolus 5 (8.95%), and floor of the

mouth 3 (5.3%). Of these, 11 (19.6%) were staged as T-I

lesions, whereas 19 (33.9%) were T-II, 11 (19.6%) were T-III

and 15 (26.7%) were T-IV lesions (Table-1).

The log showed 11 (19-56%) positive margins taking up the

toluidine blue stain. In these cases further excision of

stained margin was done to achieve clear margins intra-

operatively. Of the 11 positive margins on toluidine blue

staining, 3 (5.37%) were found to be positive on final

histopathology, and false positives were reported for 8

(14.28%) margins. None of the negative margins were

reported as positive on the final histopathology report

(Table-2). The test, as such, had sensitivity of 100% and
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Table-1: Site-specific T staging.

T-Staging Buccal mucosa Tongue Retromolar trigone Lower alveolus Upper alveolus Floor of mouth Total

T-I 3 4 2 1 1 0 11

T-II 6 5 2 1 3 2 19

T-III 4 3 1 2 0 1 11

T-IV 10 1 0 3 1 0 15

Total 23 13 5 7 5 3 56

Figures: Toluidine blue applied to tumour resected margin.



specificity of 84.9%; with a PPV of 27.2%, of 100%, and

diagnostic accuracy of 85.71%. The false positives were seen

in T-IV (n=7/15) and T-III (n=1/11) lesions, whereas T-I and T-

II lesions had no false positive results. None of the patients

had any adverse effects as a direct consequence of the stain.

Discussion
Surgery, with a longstanding history of over a century, is the

primary treatment option for a majority of oral cancers.9 The

importance of complete resection in head and neck lesions

can be emphasised by its influences on loco-regional

recurrence and overall survival.10 The standard of care

includes assessment of tumour margins with the use of

intra-operative frozen sections to confirm that the margins

of resection are free of cancerous tissue.3 Unfortunately the

facility of frozen-section sampling is not readily available in

most of the surgical centres in the developing world. Given

that most of these countries have a fee for service health

system, the added cost of frozen-section sampling limits its

application. At our center set of five frozen section margins

costs about Rs 6500 (USD75). Further, approximately half-

an-hour is spent awaiting the results of a frozen section,

which indirectly adds to the patient's expenses. A study also

concluded that though accurate, intra-operative frozen-

section margins are costly and cannot reliably eradicate

positive final margins.4 Considering these limitations, a safe,

cost-effective and reliable means of assessing the status of

tumour margins is the need of the hour.

Toluidine blue costs only Rs25 (USD 0.30) and takes only 5

minutes for application and interpretation, alleviating

financial constraints of the patient significantly. While

assessing its application in 50 patients with squamous cell

cancers of the aero-digestive tract, a study found positive

margins of which 3 were true positive, while no false negative

results were seen. It attributed the false positive staining to

traumatic handling of mucosa during the resection.11

We had similar results in our study with sensitivities of 100%

and specificities of 84.9%. Most of our false positive results

were observed in T-IV lesions (>6cm lesion/ involving

surrounding structures) and, hence, had wider excision

margins and more traumatic handling of the mucosa. One

false positive margin was observed in T-III lesion. Given the

lack of false negatives, we can consider the use of toluidine

blue as an effective screening tool for marginal status.

Further protocols can be established to either excise the

positive staining to tissue or minimise the number of frozen

sections to those staining positive on toluidine blue.

However, in our initial experience with 2 pilot patients, we

found the interpretation of mucosal staining to be

difficult and used simultaneous frozen sections with the

staining to get an idea of the staining pattern and avoid

interpretational errors.

Conclusion
Intra-operative use of toluidine blue is a simple, safe and

cost-effective method to screen tumour involved margins. It

can be used with significant confidence in smaller lesions (T-

I and T-II) as an alternative to frozen sections in developing

countries where facilities are unavailable. Its use in larger

lesions (T-III and TIV) remains the topic of controversy and

awaits a multi centre trial with a larger cohort.
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Table-2: Comparison of toluidine blue results with final histopathology results.

Histopathological Diagnoses Total

Positive Negative

Toluidine Blue Positive 3(TP) 8 (FP) 11

Negative 0 (FN) 45 (TN) 45

Total 3 53 56

TN= True Negative. TP= True Positive. FN= False Negative. FP= False Positive.


