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Abstract Objective. Non-neoplastic and neoplastic mucosal lesions
from orophayngolaryngeal region constitute a major health problem
in developing countries. Carcinoma of this region is the commonest
neoplasm in male in our country. The study was aimed at testing for the
accuracy of cytological diagnosis as well as morphometry analysis and
compared with histopathology in order to see whether the correlation
exists between the three of them. The overall goal is the early diagnosis
of these lesions in a cost-effective manner. Material and methods.
A total 40 cases were selected having symptoms of ulceration and
growth in these regions. The tissues were collected at the time of
operation for imprint cytology and morphometry of the epithelial cells.
Thereafter, the tissues were processed routinely for histopathology
and immunohistochemistry (p53 and PCNA). Findings from cytology,
cytomorphmetry were compared to those from histology with immunohistochemisty Results. Statistically significant difference was found
between non-neoplastic, premalignant, and malignant lesions. Cytological diagnosis was confirmed by histological findings along with
immunohistochemistry. p53 expression, and PCNA staining was more
in malignant lesions. Conclusion. The imprint cytology and morphometry can be an important tool for early diagnosis and determination of
therapeutic protocol in oral, pharyngeal, and laryngeal lesions, especially if they are correlated with histology and immunohistochemistry.
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1. Introduction
The oral cavity, pharynx and larynx are the parts of the
aerodigestive tract, one of the main portals into our body. A
number of non-neoplastic as well as neoplastic lesions are
very frequent in these sites. Oral cancer is a major problem
in India and accounts for 50% to 70% of all cancers
diagnosed [14]. Cancer of the larynx is also prevalent
in India. Compared to western races, Indians are more
affected [6]. The malignancies arising out of the mucosa
of the oropharyngeolaryngeal region are squamous cell
carcinoma in more than 90% of the time [18]. The imprint
cytology is one of the upcoming methods that can be
used in the diagnosis of malignant, and benign lesions in
shorter period though the histopathology remains the gold

standard [13]. In the assessment of dysplastic and neoplastic
lesions, a great emphasis is placed on the changes in
nuclear and cellular size and shape. To overcome the
unreliability in the subjective examination of these features,
a more objective approach may be the value of cellular
morphometry [20]. Cowpe and Longmore advocated the
idea of using morphometry for enhanced diagnosis of oral
lesions using cytological techniques [5]. Sometimes the
distinction between some cases of premalignant dysplasia
and carcinoma in situ or minimally invasive carcinoma
is difficult in routine haematoxylin and eosin (H&E)
stained sections. Application of immunohistochemistry
has been found to be an important tool to resolve the
problems in microscopic diagnosis of these gray zones in
histopathology. The antibody 34βE12 stains selectively the
keratins of basal cells; it has been used in the differential
diagnoses between different carcinomas and the benign
lesions that simulate it. The oral squamous cell carcinoma
occurs due to multiple genetic changes. The interaction
between the activated oncogenes and the mutations in the
tumor suppressor genes is one of the driving force directing
normal cells to uncontrolled growth and invasion. Mutation
of p53 genes occur in 39–100% of head-neck cancers [17].
In the normal or hyperplastic squamous mucosa, expression
of proliferating cell nuclear antigen (PCNA) are limited to
the basal cell layer; whereas in dysplasia, they are often
expressed also in supra basal level. PCNA seems to be the
most consistent and therefore the most potentially useful for
the identification and grading of these disorders [3, 4, 16].
Specific objectives of this study
(1) To know the profile of oral, pharyngeal, and laryngeal
lesions by imprint cytology.
(2) To study the morphometry parameters of the cells
from these lesions.
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Table 1: Distribution age and sex of the cases (n = 40, as
per final diagnosis).
Diagnosis
Inflammatory
Neoplastic

< 20

M
1
—

F
1
—

20–40
M
F
8
2
4
1

41–60
M
F
1
—
9
1

61–80
M
F
—
—
11
1

(3) To know the profile of oral, pharyngeal, and laryngeal lesions by histopathology.
(4) To test the accuracy of cytological diagnosis as well
as morphometry analysis and compare with histopathology
to establish a correlation among all of them.
The ultimate goal of our study was to offer the
patients earliest possible diagnosis by a rapid, reliable,
cost-effective, safe procedure which can provide proper
management at an earlier date (in the same sitting) with
better chances of survival.
2. Materials and methods
A total 40 cases were selected from patients attending the
Department of Surgery as well as ENT with the complaints
of pain inside mouth, difficulty in swallowing, hoarseness
of voice, foul-smelling breath, etc. Detailed clinical history
with special reference to the habit of tobacco (both smoking
and chewing) and/or alcohol consumption was taken.
The clinical examination was done particularly noting the
presence of ulcer, growth or even a slight alteration in the
thickness of the mucosal surface found on routine examination and most importantly the cervical lymph node swelling.
Only the lesions arising from the surface mucosa were taken
in the study. After admission, the lesions were operated and
each case was studied by imprint cytology, histopathology,
and immunohistochemistry. Immediately after obtaining
the biopsy specimen, a direct imprint was prepared and the
slides were immediately fixed in 95% ethyl alcohol or airdried and then stained with Papanicolaou stain and MGG
stain [19]. The morphometry was done on the epithelial
cells obtained in the imprint smears (×400 magnification).
The cytology from the areas adjacent to the diseased sites
was taken as the controls. For the histopathology, tissue
obtained were fixed in formalin, processed, and embedded
in paraffin wax block. One section of 3 micron thickness
from each block was affixed on egg-albumin-coated slide,
and three sections of 3 micron thickness from each block
were affixed on poly-l-lysine coated slides. The former
slide was stained by H&E staining, and the later group was
used for p53 and PCNA nuclear staining. For staining by
p53 and PCNA, the kit literature of the manufacturer was
followed [1, 2]. p53 staining was evaluated by the positive
cases (the percentage of cases showing positive staining)
and p53 positivity (the percentage of nucleus showing
positive staining out of total nuclei counted) [10]. PCNA
staining was evaluated by PCNA labeling index (PCNA

Table 2: Distribution of cases according to cytological and
histological diagnosis (n = 40).
Cytological diagnosis

Histopathological diagnosis

Inflammatory (09)

Hyperplasia without dysplasia
Dysplasia

8
1

Dysplasia (20)

Dysplasia
Carcinoma
Hyperplasia without dysplasia

11
7
2

Carcinoma (06)

Carcinoma

6

Unsatisfactory (05)

Hyperplasia without dysplasia
Carcinoma

3
2

LI%—the percentage of nucleus showing positive staining
out of total nuclei counted) [23]. Finally, a large chart
was produced tabulating histopathological diagnosis, p53
nuclear positivity, and final diagnosis. Statistical analysis
was done by unpaired Student’s “t”-test and P -values were
obtained. A level of significance of 5% (P < .05) is chosen,
for no better reason than that it is conventional [7, 21].
3. Results
Most of the patients with neoplastic lesions in our
study were older males (> 60 years) (Table 1). We see
from Table 2 that 8 out of 9 cases (89%) cytologically
diagnosed as inflammatory lesions were in consistent
with the histopathological diagnosis. Out of 20 cases of
dysplasia diagnosed on cytology, 7 cases were found to
be carcinoma on histopathological diagnosis, and 2 were
found to be hyperplasia without dysplasia. All cases (100%)
of cytological diagnosed carcinoma were in consistent
with the results of histopathological diagnosis. Three of
the five unsatisfactory cytological smears were found to be
hyperplastic on histopathology, and the rest were carcinoma.
The mean value of the nuclear diameter, nuclear area, cell
diameter, cell area, and ratio between the nuclear area and
cytoplasmic area of the 40 cases were given in the Table
3. The P -values between the different groups showing the
statistically significant difference can be seen in Table 4.
Table 5 shows the interpretation of the p53 nuclear staining
of the cases. The P values of them showing the statistically
significant difference is given in Table 6.
4. Discussion
In our study, we did the imprint cytology of the biopsied
specimen or surgically resected specimens from a total of 40
patients. Among the non-neoplastic inflammatory lesions,
the male:female ratio was 1.2:1; and among the neoplastic
lesions, the ratio was 4.8:1 (Table 1).
The cytological examination had revealed 9 cases
(22.5%) of inflammatory smears of which 1 case was
diagnosed as dysplasia and the rest were hyperplasia without
dysplasia on histopathology (Table 2). The only falsenegative case in our study may be inherent in the procedure.
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Table 3: Results of morphometric study in different category from Papanicolaou stained smear.
ND±SD (µm)
6.89 ± 0.78
10.55 ± 0.51
12.5 ± 0.55
7 ± 0.07

Cytological diagnosis
Inflammatory
Dysplasia
Carcinoma
Control

NA±SD (µm2 )
37.68 ± 8.55
87.57 ± 8.42
122.86 ± 10.75
38.46 ± 0.78

CD±SD (µm)
37.78 ± 0.09
32.95 ± 0.83
28 ± 0.89
39 ± 1

CA±SD (µm2 )
1, 120.98 ± 58.57
852.79 ± 42.76
615.97 ± 39.32
1, 199.61 ± 61.23

N:C ratio
0.033
0.103
0.201
0.03

ND: nuclear diameter, NA: nuclear area, CD: cytoplasmic diameter, CA: cytoplasmic area, N:C: nucleo-cytoplasmic ratio, and SD: standard
deviation.

Table 4: P -values showing the significance of differences in cytomorphometry between different categories.
Cytological diagnosis
Control and inflammatory
Inflammatory and dysplasia
Inflammatory and carcinoma
Dysplasia and carcinoma

ND
0.683
4.70917 × 10−8
5.24388 × 10−10
6.171 × 10−5

NA
0.791
2.15939 × 10−10
4.93447 × 10−8
0.000156809

CD
0.06
5.65946 × 10−9
2.62882 × 10−10
2.63449 × 10−6

CA
0.06
3.52487 × 10−8
3.94002 × 10−11
5.45845 × 10−7

N:C
0.347
3.93333 × 10−12
1.61946 × 10−10
1.29706 × 10−5

ND: nuclear diameter, NA: nuclear area, CD: cytoplasmic diameter, CA: cytoplasmic area, N:C: nucleo-cytoplasmic ratio, and SD: standard
deviation.

Table 5: Results of IHC with staining by monoclonal
antibody against p53 and PCNA.
Final histological
diagnosis
Hyperplasia without
dysplasia
Dysplasia
Carcinoma

p53 nuclear
positivity (%)

Positive
cases (%)

PCNA labeling
index

5.5 ± 0.95

20

3.58 ± 0.36

30 ± 5.5
80.8 ± 15.2

85
95

29.5 ± 1.00
34.0 ± 0.79

Table 6: P -values showing the significance of differences
in p53 nuclear positivity (%) and PCNA labeling index
between different categories.
Final histological
diagnosis

p53 nuclear
positivity (%)

PCNA labeling
index

Hyperplasia without
dysplasia and dysplasia
Hyperplasia without
dysplasia and carcinoma
Dysplasia and carcinoma

0.000234425

3.90038 × 10−8

0.000104823

1.10967 × 10−9

0.000146996

6.40021 × 10−5

Out of 20 cases (50%) of dysplasia on cytology, 11 were
dysplasia, 2 were hyperplasia without dysplasia, and 7 were
carcinoma on histopathological diagnosis. This is because
of difficulty in differentiation of epithelial cell dysplasia
and well differentiated carcinoma on cytology as Wellman
found in his study [22]. Moreover, Hussein et al. said that
one of the disadvantages of the imprint cytology is that it
can not differentiate between in situ and invasive lesions [9].
All cases of cytologically diagnosed carcinoma (15%) were
consistent with the results of histopathological diagnosis.
The cause of two false-positive cases (dysplasia in cytology
but hyperplasia without dysplasia in histopathology) in our
study may be due to interpretation error. The unsatisfactory
specimen in the cytology (12.5%) may be due to scant cellularity, air-drying, or distortion artifact obscuring blood or
inflammation as found by Herrmann et al. in their study [8].

From the results of our study (Table 2), we note that
the sensitivity and specificity of detecting malignancy with
imprint cytology was 96% and 80%, respectively. Hussein
et al. noted that the sensitivity and specificity of 88% and
92%, respectively, in their study [9].
In all these cases, morphometric analysis of the
epithelial cells on cytological smear was performed
in terms of cell diameter, cell area, nuclear diameter,
nuclear area, and nucleo-cytoplasmic ratio (Table 3). In
the present study, the mean cytoplasmic area was the
highest (1, 120.98 ± 58.57 μm2 ) for inflammatory smear
and gradually decreasing up to squamous cell carcinoma
(615.97 ± 39.32 μm2 ). Nuclear abnormalities in the form
of nuclear pleomorphism, nuclear margin irregularity,
hyperchromasia, and high nuclear area:cytoplasmic area
ratio (N:C ratio) were more marked in high grade neoplastic
lesions. In this study, the N:C ratio was 0.201 for squamous
cell carcinoma (SCC), 0.103 for dysplasia, 0.033 in
inflammatory cases, and 0.031 in control cases which were
also comparable with other studies. Cowpe and Longmore
found that tissues undergoing malignant transformation
typically show a reduction in cytoplasmic area before a
reduction in nuclear area. They also suggested that samples
of healthy mucosa from the same patients provide the best
controls [5]. Ramaesh et al. found that cytoplasmic diameter
was the highest in normal mucosa, lower in dysplasia, and
the lowest in carcinoma and the reverse is true for nuclear
diameter, i.e., it is the highest in cases of carcinoma [15].
We performed the unpaired Student’s t-test with the
morphometric parameters to determine the significant
differences between the different categories of lesions
on cytology. The results are shown in Table 5. The P value of N:C ratio was highly significant (P = 3.93333 ×
10−12 which is < .001) between inflammatory lesions
and dysplasia and between inflammatory lesions and
carcinoma (P = 1.61946 × 10−10 ). The P -value of N:C
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ratio between dysplasia and SCC was also significant
(P = 1.2970610 − 5). Differences of the nuclear diameter,
nuclear area, and N:C ratio between inflammatory and
control category was not found to be significant (P > .001)
as shown in Table 6. According to Ramaesh et al., this is
because although the histology of non-dysplastic lesions
show superficial keratinization and hyperplasia their cellular
features are similar to that of normal epithelial cells and the
cytomorphometric measurement also agrees with this [15].
Both nuclear positivity for p53 and mean p53 positivity
of each positive case was gradually increasing from hyperplasia to dysplasia to carcinoma (Table 5). A statistically
significant difference is found between the different groups
(Table 6). Kerdpon et al. in their study showed that positive
nuclear staining was found in 36% cases of hyperplasia,
85% cases of dysplasia and 94% cases of carcinoma [11].
Jain et al. showed both the percentage of positive cases and
p53 positivity showed a corresponding increase in values
with increase degree of dysplasia and carcinoma [10].
The mean PCNA labeling index is the lowest in hyperplasia without dysplasia and highest in carcinoma (Table 5)
which corroborates with the finding of the study done by
Kurokawa et al. [12]. A statistically significant difference is
found between different groups (Table 6).
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