
SUMMARY
Background/Aim: The objective of the study was to compare 

cytological diagnoses using transepithelial cytology (oral brush biopsy) 
with histopathological diagnoses obtained by incisional biopsy in patients 
with benign lesions, oral potentially malignant disorders and oral squamous 
cell carcinoma. Material and Methods: The study included 57 patients. 
Brush biopsy was performed after local anaesthesia administration 
using the cervical brush. It was immediately followed by an incisional 
biopsy. Modified Bethesda System was used for cytological analysis and 
correlated with histopathological diagnoses according to intraepithelial 
neoplasia. Results: Good agreement was shown between cytological and 
histopathological diagnosis (kappa = 0.791). The sensitivity of the study was 
92.85%, specificity 100%, positive predictive value (PPV) was 100% and 
negative predictive value (NPV) 93.54%. Conclusions: Oral brush biopsy, 
which allows the collection of epithelial cells of all layers can provide fast, 
precise and efficient cytological results which are in good agreement with 
the ’gold standard’ – incisional biopsy followed by histopathology. 
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Introduction

Oral cancer represents a global health burden with 
a 5-year survival rate lower than 50% 1. Oral squamous 
cell carcinoma (OSCC) is the most common head and 
neck malignancy (excluding non-melanoma skin cancer)2 
and represents 80-90% of all malignant neoplasms of 
the oral cavity3. OSCC is often preceded by a group of 
lesions named ‘Oral potentially malignant disorders’ 
(OPMDs). OPMDs are disorders that have a statistically 
increased risk of progressing to OSCC and include 
leukoplakia, erythroplakia, leuko-erythroplakia, oral 
lichen planus (erosive and atrophic form), actinic cheilitis, 
palatal lesions associated with cigar-smoking, discoid 
lupus erythematosus and other inherited disorders4-6. 
Early detection of OSCC and OPMD is a key factor in 
the improvement of a long term prognosis, quality of 
patients’ life and survival rate7, 8. Since early detection 
has a vital role in survival rate, it would be significant 
to standardize and introduce a simple, inexpensive and 

noninvasive method for early cell atypia detection within 
oral epithelium/mucosa. 

Incisional biopsy with histopathological assessment 
remains the golden standard in the diagnosis of OPMDs 
and malignant lesions9, but even this method shows 
some limitations10. Transepithelial cytology is a quick, 
easy to use and simple procedure, based on an atraumatic 
brush technique, allowing physicians to acquire complete 
transepithelial specimens over a wider area11. Recent 
progress in cytological procedures has led to the promotion 
of liquid-based cytology to improve the sensitivity of 
cytological smears11. This improvement from conventional 
cytology is beneficial, especially for molecular studies, 
but in the case of source-limited countries, the high cost of 
technology is a limiting factor for health care systems11. 

This prospective study aimed to compare 
transepithelial oral brush cytology with the golden 
standard in the diagnosis of oral lesions – incisional 
biopsy in terms of cytological and histopathological 
diagnosis and their consequent correlation.
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at 4µm thickness, placed on slides and dried at 60°C for 
60 minutes in an incubator (Binder, Tuttlingen, Germany). 
Dried glass slides were stained in an H&E stainer (Myr, 
Tarragona, Spain).

Samples evaluation
All samples were evaluated by an experienced 

pathologist subspecialized for oral and ear, nose and throat 
(ENT) pathology. The slides with an insufficient number of 
cells, as well as the slides contaminated with blood, necrotic 
material or exudate were discarded13. Cytological diagnoses 
were performed based on Bethesda System modified 
in 2001 14 and were classified into NILM (negative for 
intraepithelial lesion or malignancy), LSIL (low-grade 
squamous intraepithelial lesion), HSIL (high-grade 
squamous intraepithelial lesion) and OSCC (oral squamous 
cell carcinoma). Histopathological diagnoses were 
classified according to squamous intraepithelial neoplasia 
(SIN) system as SIN 0 (absence of dysplasia), SIN I (mild 
epithelial dysplasia), SIN II (moderate epithelial dysplasia), 
SIN III (severe epithelial dysplasia/carcinoma in situ) and 
OSCC (oral squamous cell carcinoma)15.

Data and statistical analysis
SPSS 22.0 software package for Windows 

(SPSS Inc. Chicago, USA) was used for the statistical 
analysis. Agreement between diagnostic procedures 
was presented as a proportion of agreement and also as 
kappa coefficient – which corrects for the agreement 
that would be expected by chance. Coefficient between 
0.81 and 1.00 was considered as ’very good agreement’ 
(almost perfect agreement) between 0.61 and 0.80 as a 
’good agreement’ (substantial); between 0.41 and 0.60 
a ’moderate agreement’; between 0.21 and 0.40 a ’fair 
agreement’ and less than 0.20 a ‘poor agreement (slight)16. 
Histopathological and cytological results were compared 
as ordered in Table 1. Additionally, the specificity 
and sensitivity of brush biopsy results were compared 
to histopathological results. To obtain these results, 
cytological and histopathological data were divided into 
two categories: benign (NILM, LSIL, SIN 0, SIN I and 
SIN II) and malignant (HSIL, SIN III and OSCC). 

Table 1. Cytological and histopathological results paired for a 
proportion of agreement and kappa coefficient

Cytological diagnosis Histopathological diagnosis
1 NILM SIN 0
2 LSIL SIN I, SIN II
3 HSIL SIN III
4 OSCC OSCC

NILM  – negative for intraepithelial lesion or malignancy, 
LSIL - low-grade squamous intraepithelial lesion, HSIL - high-
grade squamous intraepithelial lesion, OSCC - oral squamous 
cell carcinoma, SIN 0 - the absence of dysplasia, SIN I - mild 
epithelial dysplasia, SIN II – moderate epithelial dysplasia, SIN 
III- severe epithelial dysplasia/carcinoma in situ

Material and Methods

This cross-sectional study was conducted between 
December 2019 and September 2021. Patients were 
referred for an examination, diagnosis and possible 
treatment of suspicious lesions to the Department of 
Oral Medicine and Periodontology and Department 
of Maxillofacial Surgery, School of Dental Medicine, 
University of Belgrade. 

The study was approved by the Ethical Committee 
(No 36/7) of the School of Dental Medicine, University 
of Belgrade and complies with the ethical and scientific 
principles as set out in the Declaration of Helsinki. All 
patients were informed about the study details and signed 
the informed consent before entering the study. The study 
included 59 patients with the following clinical diagnosis: 
benign lesions, OPMDs or OSCC. Inclusion criteria for the 
study were patients above 18 years and the presence of the 
aforementioned clinical diagnosis. Exclusion criteria were 
history of radio or chemotherapy of head and neck region.

Anamnestic data and clinical examination
During the clinical examination, a visual inspection 

of the oral cavity was performed under the appropriate 
overhead light as well as a complete head and neck 
examination – the inspection and palpation based on the 
World Health Organization oral cancer diagnosis protocol12.

Brush biopsy
At the second visit, the patients underwent a brush 

biopsy procedure after local anaesthesia (Septanest, 
Septodont, UK) administration. A conical, sterile, cervical 
brush (Gima, Gessate, Milan, Italy) was pressed against the 
lesion and rotated 10 times clockwise to provoke pinpoint 
bleeding and to secure an adequate transepithelial cell 
collection. The cervical brush was rotated only in the area 
of the lesion, to avoid potential dissemination of malignant 
cells into the surrounding healthy tissue. Collected 
cells were smeared on glass slides (Citotest Labware 
Manufacturing CO., Haimen, China), spray fixed using 
fixation solution (Citospray, Biognost, Zagreb, Croatia) 
and hematoxylin and eosin (H&E) stained by H&E stainer 
(Myr, Tarragona, Spain) using manufacturer protocol.

Surgical biopsy
A surgical biopsy was performed immediately after the 

brush biopsy. A scalpel blade 11 was used to collect a tissue 
sample. All lesions were sampled by the incisional biopsy, 
according to the clinical experience of two clinicians: a 
specialist in oral medicine and a specialist in maxillofacial 
surgery. The samples were immediately immersed in a 
10% formalin solution (Merck, Darmstadt, Germany). 
Resorbable sutures were placed and removed after 7 days.

Tissue samples were moulded in paraffin blocks and 
cut on a microtome (Leica RM2245, Nussloch, Germany) 
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Discussion

The five-year OSCC survival rate reaches up to 
82% when it is early detected17. In developing countries, 
such as Serbia, low socioeconomic status, lack of regular 
check-ups, as well as high-risk factors prevalence 
(alcohol consumption and cigarette smoking) may be 
the reasons for late diagnosis and consequently low 
survival rates18. Resource-challenging areas require a 
standardized, simple, inexpensive and reliable method 
for the early detection of malignant lesions. According to 
previously mentioned, we compared the oral brush biopsy 
to ‘gold standard’, i.e. surgical biopsy accompanied with 
histopathology. 

Our study showed a good agreement (kappa= 
0.791) between the cytological and histopathological 
results. Additionally, when comparing only benign 
and malignant diagnoses, our results showed high 
specificity and sensitivity. Even though there are many 
studies correlating oral cytology and histopathology, 
their methodology is heterogeneous, and it is hard to 
make a complete comparison. Some of them, unlike our 
study, used exfoliative cytology, where the sampling 
tools included a wooden stick, a tongue blade or a 
wooden end of cotton swab19, 20 as a low-cost method 
suitable for low socioeconomic countries. Mentioned 
exfoliative cytology showed low sensitivity21, due to 
inadequate sampling procedures22. An improvement of 
sampling procedures has been introduced using brush 
biopsy. Sampling is performed by specially designed 
‘Cytobrush’, which obtains complete transepithelial 
samples from all layers of the oral epithelium23. However, 
modifications of brush biopsy have been also detected 
throughout the literature: a collection of cells were 
performed using a baby toothbrush19, a cytobrush24, as 
in our study, or by specially designed and expensive 
cell collectors25. Differences of preservation methods – 
from the air drying of smear to liquid-based biopsy24-26, 
as well as for staining protocols were also observed26-28. 
Finally, in some studies, the interpretation of smears has 
been performed by pathologists24, as in our study, or by 
software and reviewed by a pathologist25. Additionally, 
the majority of the studies compare results exclusively 
for leukoplakia/erythroplakia, and most frequently, 
biopsies were performed only for the cases with atypical 
cytology. In our study, the decision for the biopsy was 
made upon a clinical oral examination (COE), which 
means it’s based on examiners’ experience, since brush 
cytology has not been a standard diagnostic method for 
oral mucosal lesions. Cytological smears were collected 
immediately before the biopsy. By simultaneous sampling, 
discordance in cytological and histopathological results 
due to time delay, which has been reported in some 
studies was avoided29. A similar level of agreement using 
kappa statistic (kappa = 0.66) was shown in the study by 
Seijas – Naya et al.25. The mentioned study compared 

Results

Two samples out of 59 (3.39%) were discarded from 
the analysis. One discarded cytological slide (sampled 
from leukoplakia) was discarded due to insufficient 
cellularity, while one OSCC sample was contaminated by 
necrotic masses. 

A good level of agreement (Table 2) was shown 
between the cytological and the histopathological 
diagnosis (49/57, 85.96%, kappa = 0.791, p<0.001). 
Absolute agreement for the OSCC diagnosis and between 
NILM and SIN 0 was observed. 

Table 2. Agreement between cytological and histopathological 
diagnosis

Histopathological diagnosis
Cytological 
diagnosis SIN 0 SIN I, SIN II SIN III OSCC

NILM 13
(100%) 0 0 0

LSIL 4
(25.0%)

12
(75.0%) 0 0

HSIL 0 2
(50.0%)

0 2
(50.0%)

OSCC 0 0 0 24
100%

NILM  – negative for intraepithelial lesion or malignancy, 
LSIL - low-grade squamous intraepithelial lesion, HSIL - high-
grade squamous intraepithelial lesion, OSCC - oral squamous 
cell carcinoma, SIN 0 - the absence of dysplasia, SIN I - mild 
epithelial dysplasia, SIN II – moderate epithelial dysplasia, SIN 
III- severe epithelial dysplasia/carcinoma in situ.

Sensitivity, as a measure of true positive (in this 
case diagnosis of the malignant lesion), was 92.85% 
for the cytological diagnosis. Specificity, as a measure 
of true negative results (in this case the diagnosis of the 
benign lesion), was 100% (Table 3). The evaluation of 
transepithelial cytology as a potential screening test was 
further measured as the positive predictive value (PPV) 
which was 100%. The negative predictive value (NPV) of 
transepithelial cytology was 93.54%

Table 3. Benign/malignant cytological and histopathological 
correlation

Cytological diagnosis
Malignant Benign 

H
p 

dg

Malignant 26
(True positive)

0
(False positive)

Benign 2
(False negative)

29
(True negative)

Hp dg = Histopathological diagnosis; Benign = NILM, LSIL, 
SIN 0, SIN I and SIN II, Malignant = HSIL, SIN III and OSCC
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