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Clinicopathologic factors influencing the screening
accuracy of oral cytology: A retrospective cohort study
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Abstract. Cytology is a simple and non-invasive screening
method for oral cancer. However, this method is not yet
routinely used by clinicians because of its high false negative
rate (FNR) and due to lack of sufficient studies examining
the factors for high FNRs. The present retrospective study
aimed to compare the screening performance of conventional
cytology (CC) and liquid-based cytology (LBC) through
histological validation, and to elucidate factors inducing false
negative screening in oral cytology. Cytological specimens
with histological examination and intraoral digital images of
the lesion were retrospectively collected between January 2017
and December 2018 for CC and between October 2019 and
September 2021 for LBC. Oral cytological screening was
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conducted based on the oral Bethesda system for oral cytology.
Clinical subtypes were re-evaluated using intraoral digital
images. The screening accuracy of oral cytology was calcu-
lated considering the sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) for detecting
the malignant transformation of oral lesions. No statistically
significant difference was noted in the inadequate rate between
CC and LBC groups. For CC and LBC, the sensitivities were
60.9 and 59.2%, the specificities were 87.3 and 79.1%, the PPVs
were 85.8 and 76.2%, and the NPVs were 63.9 and 63.2%,
respectively. Thus, the screening accuracy was similar between
methodologies. Among the clinicopathological factors inves-
tigated, histological diagnosis and cellularity contributed to
false negative results. Homogeneous findings of oral epithelial
dysplasia and the superficial growth of carcinoma in situ/squa-
mous cell carcinoma resulted in false negative findings for CC
and LBC. Furthermore, LBC samples with a lower cell number
(<2,000 squamous cells) exhibited statistically significantly
increased FNRs. The present study found that the cytological
methods did not affect the inadequate rate and screening
accuracy, whereas clinical subtype and cellularity decreased
screening accuracy. Therefore, cytological screening and
subsequent follow-up should be performed while considering
clinical findings and the cellularity of cytology smears.

Introduction

Oral squamous cell carcinomas (OSCCs) are assumed to
develop from oral epithelial dysplasia (OED) into carcinoma
in situ (CIS) and SCC through a multi-step carcinogenesis
process (1,2). The current diagnostic methods for oral
potentially malignant disorders (OPMDs) and OSCCs are
inspection and palpation, followed by biopsy combined
with histopathological assessment on suspecting malig-
nancy. However, it is frequently the case that the disease
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has reached an advanced stage at the time of initial diag-
nosis, often because the patient's physician or dentist has
misdiagnosed this disease (3). Inspection and palpation are
subjective and requires well-trained and experienced clini-
cians for accurate detection. There are conflicting results
regarding the association relationship between treatment
delays and the survival rates of patients with OSCC (4,5).
Nevertheless, a consensus has been reached that early diag-
nosis and treatment of OSCC improve patients' quality of
life after treatment (6). Therefore, early detection is critical
for the treatment of OSCC.

Oral cytology is a simple, non-invasive, and relatively reli-
able OSCC screening method performed since 1951 and has
been improved using state-of-the-art instruments and updated
diagnostic criteria (7). In particular, the liquid-based cytology
(LBC) technique can detect morphological changes as well
as DNA, RNA, and protein expression changes in the same
samples (8,9). Moreover, LBC samples have been reported to
have lower inadequate rates and higher sensitivity and speci-
ficity than conventional cytology (CC) in the cervical and oral
regions (10-14). However, very few studies have compared the
application of CC and LBC in the oral cavity, and currently,
there is no agreement regarding the screening accuracy and
inadequate sample rates. Furthermore, oral cytology has
not yet gained the trust of clinicians because several studies
have reported a high false negative rate (FNR) (13,14). Since
low cellularity increases the FNR of cytology in detecting
squamous lesions, cellularity assessment prior to cytological
screening is important (15,16).

For cervical cytology, the Bethesda System 2014 guidelines
revealed a minimum of §,000-12,000 and 5,000 squamous
cells for CC and LBC, respectively (17). Oral cytology samples
had lower cellularity than cervical cytology samples because
of the presence of saliva and keratinization in oral squamous
epithelium. Therefore, the criteria for cervical cytology are
not applicable to oral cytology. To the best of our knowledge,
no study has examined the appropriate cellularity for oral
cytology and the research on factors influencing false negative
findings is limited (13).

Hence, the primary goal of the present study was to
evaluate differences in the inadequate rate and in screening
accuracy between CC and LBC. The secondary goal of our
study was to determine clinicopathological factors that may
increase the FNR of oral cytology.

Materials and methods

Patients. We conducted a retrospective study evaluating
cytology methodologies. Cytology as well as histology
samples, and reports were obtained from the Oral and
Maxillofacial Surgery Clinic at the Niigata University Medical
and Dental Hospital (Niigata, Japan). The Human Research
Ethics Committee of the university (2018-0228) approved the
study. The requirement for informed consent was waived due
to the retrospective study design and because the dataset was
anonymized and de-identified. This work was conducted in
accordance with the principles of the Declaration of Helsinki.

In total 562 CC and 739 LBC samples were obtained from
our hospital from January 1, 2017, to December 31, 2018, and
from October 1, 2019, to September 30, 2021, respectively.

All patients who had undergone histological diagnosis were
enrolled in this study.

Cell collection was performed using an interdental brush
for CC and an Orcellex® brush for LBC (Rovers Medical
Devices BV., Oss, The Netherlands). The LBC samples were
transferred directly to a SurePath vial (Becton, Dickinson, and
Company, Franklin Lakes, NJ, USA). Papanicolaou staining
was performed at the Department of Surgical Pathology at the
Niigata University Hospital.

Clinicopathological data. Clinicopathological data, including
data on sex, age, tobacco use, alcohol consumption, lesion
subsite, clinical subtype (i.e., homogeneous, or non-homoge-
neous type for OED; exophytic, superficial, or endophytic type
for CIS/SCC), histological diagnosis (no malignant lesion,
OED, CIS, or SCC), and the cellularity of cytological samples
(described in detail below) were evaluated.

We classified OED into two types: homogeneous type
dysplasia, with a flat white patch or plaque without a red
component and lacking a protrusion; and non-homogeneous
type dysplasia, displaying other aspects/characteristics (e.g.,
white patch with red component or elevated with patch).

Clinical subtypes of CIS and SCC were classified into
three types: exophytic type lesions, characterized as mark-
edly protruding lesions from the surrounding mucosa;
superficial type lesions, non-elevated or slightly elevated
lesions relative to the surrounding mucosa; and endophytic
type lesions, presenting with deep induration (for the main
lesion).

Cytologic screening based on the oral Bethesda system was
categorized according to the following classification scheme
by oral pathologists: inadequate, negative for intraepithelial
lesion or malignancy (NILM), low-grade squamous intraepi-
thelial lesion (LSIL), high-grade squamous intraepithelial
lesion (HSIL), and squamous cell carcinoma (SCC) (18). All
histological diagnoses were made in accordance with World
Health Organization (WHO) 2017 criteria (19).

Cell counts for CC and LBC samples. Cytological samples
were captured horizontally from left to right at x100 magni-
fication using a microscope (Nikon Eclipse Ni; Nikon,
Tokyo, Japan) equipped with a digital camera (Olympus
DP74; Olympus Corporation, Tokyo, Japan). At least 100
well-isolated squamous cells from over three captured images
were counted on each slide using e-Cynuc2 cell counting
software (e-Path, Kanagawa, Japan). Subsequently, since
the area of the x100 magnification fields seen through the
eyepieces (field number=22) of the microscope was 3.9 mm?
and the area of the captured image was 1.6 mm?, the average
number of cells per capture image was multiplied by 3.1 to
estimate the average number of cells per x100 magnification
fields.

Statistical analysis. To evaluate the screening accuracy of
CC and LBC, we compared cytological screening against
histological diagnosis, and calculated the respective sensi-
tivities, specificities, positive predictive values, negative
predictive values, false positive rates, FNRs, inadequate rates,
and accuracies for these methodologies. Next, to determine
clinicopathologic factors associated with a false negative
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diagnosis within oral cytology, histological diagnoses were
classified as negative (no malignant lesion) or positive (OED,
CIS, and SCC), and cytological screening was classified
into negative (NILM) and positive (LSIL, HSIL, and SCC)
categories.

Categorical variables were compared using a Fisher's exact
test. Continuous variables (e.g., the average number of cells per
x100 magnification fields) were evaluated for normality using
Shapiro-Wilk normality and the F tests and compared using a
Mann-Whitney U-test. Multivariate logistic regression models
were constructed using statistically significant factors detected
on univariate analysis.

Finally, to evaluate the effect of cellularity in the cytology
samples on screening accuracy, the area under the curve (AUC)
was obtained using receiver operating characteristic (ROC)
curve analysis, and the optimal cut-off value for the number of
cells recommended for LBC techniques was determined using
the Youden index.

All statistical comparisons were performed using R
statistical software (version 4.0.2; The R Project for Statistical
Computing, Vienna, Austria). Statistical significance was set at
a two-sided P-value <0.05.

Results

Population characteristics. In total 562 CC and 739 LBC
samples were collected at our hospital over a period of two
years. Of these, 251 CC and 371 LBC samples were excluded
because the histological analysis was not performed. In
addition, 8 (1.4%) CC and 21 (2.8%) LBC samples with low
cellularity were excluded as inadequate samples (Table I).
Finally, a total of 303 (53.9%) CC and 347 (47.0%) LBC
samples were evaluated (Table II).

The final screening included benign tumor in 44 cases of
CC and 47 cases of LBC, oral lichen planus in 26 cases of CC
and 42 cases of LBC, inflammatory disease in 16 cases of CC
and 28 cases of LBC, and other diseases in 48 cases of CC and
46 cases of LBC (data not shown).

The median age of the CC and LBC samples was
70.0 years (interquartile range [IQR]: 61.0-78.0) and
68.0 years (IQR: 58.0-78.0), respectively. The male to
female ratio was 1:1.1 and 1:1.4 for CC and LBC, respec-
tively. The most common site for conducting CC was the
gingiva (226/562, 40.2%), followed by the tongue (169/562,
30.1%), buccal mucosa (90/562, 16.0%), and palate (46/562,
8.2%) (Table I). In contrast, the most common site for
conducting LBC was the tongue (246/739, 33.3%), followed
by the gingiva (244/739, 33.0%), buccal mucosa (151/739,
20.4%), and palate (59/739, 8.0%) (Table I). There was no
statistically significant difference in the inadequate rate
between CC and LBC (Table I, P=0.09).

Diagnostic accuracy of CC and LBC in detecting OED, CIS,
and OSCC. Table II shows the results of conventional cytolog-
ical and liquid-based cytological screening with histological
diagnoses. NILM was the most frequently screened category
(183/303, 60.4% for CC; 204/347, 58.8% for LBC), followed
by LSIL (57/303, 18.8% for CC; 89/347, 35.6% for LBC),
HSIL (47/303, 15.5% for CC; 28/347, 8.0% for LBC), and SCC
(16/303, 5.3% for CC; 26/347,7.5% for LBC).

Table I. Comparison of inadequate rate for CC and LBC.

Total number Inadequate rate, n (%)

Sites CC LBC CC LBC
Tongue 169 246 1(0.6) 3(1.2)
Buccal mucosa 90 151 3(3.3) 2(1.3)
Gingiva 226 244 3(1.3) 8 (3.3)
Labial mucosa 13 24 0(0.0) 5(20.8)
Floor of mouth 18 15 1(5.6) 0(0.0)
Palate 46 59 0(0.0) 3(5.1)
Total 562 739 8(1.4) 21 (2.8)

No statistically significant difference (P=0.09; Fisher's exact test) in
the inadequate rate was found between the CC and LBC groups. CC,
conventional cytology; LBC, liquid-based cytology.

Table III shows the screening accuracies for CC and LBC.
The sensitivities of CC and LBC were 60.9 and 59.2%, respec-
tively, and the respective specificities were 87.3 and 79.1%.
These results indicate that both cytological methods demon-
strated similar diagnostic accuracy (Table I1I). Moreover, the
FNRs were 39.1% for CC and 40.8% for LBC; specifically,
FNRs were 90.0% (45/50) for CC and 78.7% (48/61) for LBC
in OED cases only (Tables II and III).

Clinicopathological factors influencing the FNR. The
detailed clinicopathological factors associated with FNR,
as detected in this study, are listed in Table IV. Although
clinical factors did not affect the FNR, a statistically
significant difference in the FNRs for CC and LBC was
observed between the OED and CIS/SCC cases regarding
pathological factors on both univariate and multivariate Cox
regression analyses (P<0.01, Table IV). More specifically,
both univariate and multivariate analyses revealed that the
average number of cells per x100 magnification fields was
statistically significantly associated with the FNR in LBC
samples (P<0.01, Table IV). However, there was no statisti-
cally significant difference in the average number of cells in
the CC samples (P=0.17, Table IV).

Assessment of cellularity in CC and LBC samples. To deter-
mine the appropriate cellularity for cytological screening,
we assessed the number of squamous cells in oral cytology
samples in which cytological screening was either consistent
or inconsistent with the histological diagnosis. Analysis of
the ROC curve revealed that the average number of cells was
associated with a high screening accuracy for LBC, with an
AUC of 0.621 (minimum 0.541; maximum 0.691). The optimal
cut-off value, as determined by the Youden index was 22.6
cells per capture image (Fig. 1). Based on these data, we esti-
mated the cutoff value for low cellularity to be an average of
70.1 cells per x100 magnification fields.

Relationship between clinical classifications and FNRs. A
statistically significant difference in the FNR was observed
between the homogeneous and non-homogeneous types of
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Table II. Relationship between the cytological screening and
the histological diagnosis by CC and LBC.

Cytological screening, n

Positive
Negative —M ——
Histological diagnosis ~ NILM  LSIL HSIL SCC Total, n
CC
Total 183 57 47 16 303
No malignancy 117 17 0 0 134
OED and malignancy 66 40 47 16 169
OED 45 5 0 0 50
CIS 11 9 6 O 26
SCC 10 26 41 16 93
LBC
Total 204 89 28 26 347
No malignancy 129 32 2 0 163
OED and malignancy 75 57 26 26 184
OED 48 13 0 o0 61
CIS 14 12 3 2 31
SCC 13 32 23 24 92

NILM, negative for inadequate lesion or malignancy; LSIL, low-grade
squamous intraepithelial lesion; HSIL, high-grade squamous intraep-
ithelial lesion; SCC, squamous cell carcinoma; CC, conventional
cytology; OED, oral epithelial dysplasia; CIS, carcinoma in situ;
LBC, liquid-based cytology.

Table III. Screening accuracy of CC and LBC.

Accuracy index CC, % (95% CI) LBC, % (95% CI)

60.9 (53.6-68.3)
87.3 (81.7-92.9)
127 (7.1-18.3)

39.1 (31.7-46.4)
85.8 (79.6-92.1)

59.2 (52.1-66.3)
79.1 (72.9-85.4)
209 (14.6-27.1)
408 (33.7-47.9)
76.2 (69.2-83.2)

Sensitivity
Specificity

False positive rate
False negative rate
Positive predictive
value

Negative predictive
value

63.9(57.0-70.9)  63.2(56.6-69.9)

CC, conventional cytology; LBC, liquid-based cytology.

OED in both univariate Cox regression analyses (P<0.01, see
Table V). Among the cytology samples of homogeneous OED,
35/36 (97.2%) of the CC samples and 35/39 (89.7%) LBC of the
samples showed false negative findings (Table V).

In CIS and SCC cases, the clinical subtype statisti-
cally significantly affected the FNR for both CC and LBC
(P<0.01, Table V). Regarding CC, the FNR for superficial
type CIS/SCC was 62.5% (10/16), whereas the FNR was only
15.9% (7/44) for the exophytic type and 6.8% (4/59) for endo-
phytic type CIS/SCC. Similarly, regarding LBC, the FNR was
48.4% (15/31) for the superficial type CIS/SCC, 13.5% (7/52)
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Parameter AUC 95% ClI P value
Conventional cytology 0.563 0.472-0.654 0.168
Liquid-based cytology 0.621 0.537-0.705 <0.01

Figure 1. Receiver operating curve analyses for the mean cellularity of
conventional (blue line) and liquid-based (black line) cytology samples,
differentiating false negative (OED/CIS/SCC with negative for epithelial
lesions or malignancy) from true positive groups (OED/CIS/SCC with
low or high grade squamous intraepithelial lesion or SCC). The AUCs for
conventional cytology and liquid-based cytology were 0.563 (P=0.168; 95%
CI,0.472-0.654) and 0.621 (P<0.01; 95% CI,0.537-0.705), respectively. AUC,
area under the curve; CIS, carcinoma in situ; OED, oral epithelial dysplasia;
SCC, squamous cell carcinoma.

for the exophytic type, and 10% (4/40) for the endophytic type
CIS/SCC (Table V).

Discussion

To the best of our knowledge, the current study is the largest
conducted to date within the oral cytology literature. We found
that there was no difference in inadequate rates between the
739 LBC and 562 CC samples and that the screening accu-
racy of oral cytology was similar for the 347 LBC and 303
CC samples with a histopathological diagnosis, indicating that
collection techniques and collection devices may not affect the
diagnostic accuracy of oral cytology. Moreover, it should be
noted that clinical subtype, OED, and the cellularity of cyto-
logical smears are factors that can contribute to false negative
results (i.e., false-negative factors) in oral cytology.

The inadequate rate of oral cytology found in the present
study was comparable to that reported in the previous litera-
ture (12,14). The only study that compared CC and LBC at
the same institution and found a statistically significant differ-
ence in the inadequate rate by methodology was reported by
Sukegawa et al (12). Generally, an interdental brush or special
brushes (such as the Orcellex® brush and the Oral CDx® brush;
Oral CDx Laboratories, Inc. Suffern, NY, USA) are used in
oral cytology because cell collection is unfavorable within oral
cytology specifically due to the presence of saliva and a strong
tendency for keratinization in the oral cavity (20). However, the
report by Sukegawa et al (12) found a statistically significant
difference in the inadequate rate between CC and LBC using
cotton swabs, which tend to lead to low cellularity in cytology
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Table IV. Clinicopathological characteristics of the cytology samples from OED, CIS and SCC cases, and the results of the

univariate statistical analyses.

CC (n=169) LBC (n=184)
Variable NILM LSIL/HSIL/SCC  P-value NILM LSIL/HSIL/SCC  P-value
Sex, n
Male 32 55 0.87 37 59 0.65
Female 32 50 37 51
Age,n
<65 years 17 29 >0.99 29 31 0.15
=65 years 47 76 45 79
Tobacco use, n (n=154%)
Yes 24 49 0.74 27 54 0.87
No 29 52 27 49
Alcohol use, n (n=154%)
Yes 22 38 0.73 27 36 0.09
No 31 63 27 67
Site,n
Tongue 22 50 0.10 23 44 0.16
Buccal mucosa 6 10 14 14
Gingiva 29 36 27 35
Labial mucosa 0 1 2 6
Floor of mouth 0 4 1 7
Palate 7 4 7 4
Histological diagnosis, n
OED 43 7 <0.01 48 13 <0.01
CIS 11 15 12 21
SCC 10 83 14 76
Mean number of cells per  17.5 (7.1-715.0)  22.0 (4.2-759.1) 0.17 59.0(4.1-988.0) 123.5(9.3-630.0) <0.01

x100 magnification field
(range)

“Data on alcohol intake and years of smoking were not available for some cases. CC, conventional cytology; LBC, liquid-based cytology;
NILM, negative for inadequate lesion or malignancy; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous cell
intraepithelial lesion; SCC, squamous cell carcinoma; OED, oral epithelial dysplasia; CIS, carcinoma in situ.

samples (21). Therefore, it is possible that cell collection using
cotton swabs may have affected the detected inadequate rates
between CC and LBC. Based on the current results, we believe
that cell collection using an interdental brush or special
brushes provides a stable preparation of cytology specimens
regardless of the employed CC or LBC techniques.

Several studies comparing the screening accuracy between
CC and LBC have reported varying results (12,14,22,23). This
discrepancy is attributed to the distribution of histopatholog-
ical diagnoses in the target cases. To be more concrete, those
reports that indicated high sensitivity of cytology included a
low proportion of OED cases, while those including a high
proportion of OED cases tended to show a lower sensitivity
(Table VI). Therefore, OED may be a factor that decreases the
sensitivity of screening; that is, it may increase the FNR.

Moreover, several studies have detected a similar screening
accuracy for CC and LBC, which is consistent with the present

results. More specifically, our results indicated that among
NILM cases, 36.1% (66/183) of the cases evaluated using CC
and 36.8% (75/204) of the cases evaluated using LBC had
diagnoses of OED, CIS, and SCC. Among the OED cases, we
also found 90.0% (45/50) for CC and 78.7% (48/61) for LBC to
be false-negative results.

Few statistical studies have been conducted on the clinico-
pathological factors affecting the screening accuracy of oral
cytology. To date, only one statistical study investigating false
negative factors in oral cytology has been reported (13). These
researchers reported that leukoplakia, an age of <64 years
and tongue lesions were contributing factors to false negative
findings. The present study revealed that OED (especially
the homogeneous type) and superficial CIS/SCC were
clinical factors inducing false negative screening on using
oral cytology. Additionally, no statistically significant differ-
ences in the cellularity of cytology samples between cases
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Table V. Relationship between cytological screening and clinical subtypes of (A) OED, and (B) CIS and SCC.

A, OED

CC (n=50) LBC (n=61)
Clinical subtype NILM, n LSIL/HSIL/SCC, n P-value NILM, n LSIL/HSIL/SCC, n P-value
Homogeneous 35 1 <0.01 35 4 <0.01
Non-homogeneous 8 6 13 9
B, CIS/SCC

CC (n=119) LBC (n=123)
Clinical subtype NILM, n LSIL/HSIL/SCC, n P-value NILM, n LSIL/HSIL/SCC, n P-value
Exophytic 7 37 <0.01 7 45 <0.01
Superficial 10 6 15 16
Endophytic 4 55 4 36

CC, conventional cytology; LBC, liquid-based cytology; OED, oral epithelial dysplasia; NILM, negative for inadequate lesion or malignancy;
LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous cell intraepithelial lesion; SCC, squamous cell carcinoma; CIS,

carcinoma in Situ.

Table VI. Review of the literature on comparison studies of CC and LBC (including this study).

Inadequate
sample Specificity, %
First author/s, year Method Brush type rate, % (n) Sensitivity, % (n) (n) OED, % (n) (Refs.)
Remmerbach er al, 2017 CC No data No data 96.3 (78/81) 90.6 (29/32) No data 22)
LBC No data No data 97.5 (79/81) 68.8 (22/32) No data
Jajodia et al, 2017 CcC Toothbrush 4.2 (2/48) 95.5 (42/44) 50.0 (1/2) 21.3(10/47)  (23)
LBC Toothbrush 12.5(6/48)  92.5 (37/40) 50.0 (1/2) 21.3 (10/47)
Kondo et al, 2020 CC Cervix brush 0.8 (2/241)  71.1(32/45) 100 (11/11) 32.8 (19/58)  (14)
LBC Cervix brush 1.2 (4/341)  61.3(38/62) 91.7 (38/39) 50.0 (37/74)
Sukegawa et al, 2020 CC Cotton brush 3.5 (3/85) 96.6 (28/29) 41.5 (28/59) 2.4 (2/82) (12)
LBC Cotton brush 0.0 (0/169)  95.5 (63/66) 55.2 (63/114) 3.0 (5/169)
Present study CC Interdental brush 1.4 (8/562)  60.9 (103/169) 87.3 (117/134) 16.5 (50/303) -
LBC Orcellex brush 2.7 (19/715) 58.6 (102/174) 78.6 (120/152) 17.6 (61/347)

CC, conventional cytology; LBC, liquid-based cytology; OED, oral epithelial dysplasia.

with homogeneous and non-homogeneous OED or exophytic,
superficial, and endophytic CIS/SCC, were noted indicating
the clinical subtype did not affect the number of cells in the
cytology samples (data not shown). Most cytology samples
were collected from the superficial or keratinized cell layers.
We noted that, in SCC and two-phase OED/CIS presenting
without atypical superficial keratinocytes on the surface, it
is occasionally difficult to collect atypical cells using oral
cytology. It is also easier to obtain samples from deeper layers
of non-homogeneous OED and endophytic CIS/SCC because
these lesions have thinner keratinized layers than other
clinical lesion subtypes. These factors may have affected the

false negative results of the oral cytology in the present study.
Therefore, to improve the screening accuracy of oral cytology,
it is important to identify useful biomarkers that can detect
neoplastic changes in keratinized cell layers, and to perform
immunocytochemistry, genetic, and/or proteomic analyses
using LBC residual specimens.

In a previous study, we established a novel experimental
animal model that allowed our research group to observe the
carcinoma sequence of OSCC and reported that Brd4 and
c-Myc could be useful biomarkers for the early detection of
oral cytology (9). Moreover, several prospective biomarkers
have been reported in previous studies. However, these
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markers are yet to be used in routine clinical practice due to a
lack of sufficient validation (24-26). Additional studies should
be conducted to assess the effects of these candidate markers
on the diagnostic performance of oral cytology.

The average number of cells per x100 magnification fields
was a pathological factor inducing false negative screening
within oral cytology in the current study. In cervical cytology,
there is a consensus that low cellularity compromises
screening performance in detecting squamous lesions, and
the Bethesda System 2001 guidelines specify a minimum of
8,000-12,000 squamous cells for CC and 5,000 squamous cells
for LBC (15-17). However, studies examining the appropriate
cellularity for oral cytology are insufficient, and the criteria for
inadequate samples are unclear.

In the current study, although cellularity did not mean-
ingfully affect screening accuracy for CC, a statistically
significant difference was detected for LBC. This is because
the average number of cells per magnification field reflects
the total number of cells in the LBC specimens with a defined
smear area, but this is not the case for CC specimens with
varying smear areas. Moreover, for LBC, the ROC analysis
revealed an AUC of 0.621 (P<0.01), indicating a high likeli-
hood of a false negative diagnosis when the average number
of cells was less than 22.6 cells per x100 field. Moreover,
because the diameter of the LBC specimen was 13.0 mm,
the smeared area was approximately 132.7 mm? (consulting
the BD Totalys™ SlidePrep User Manual p. 27, 1.6.8). The
average cell count of the captured image multiplied by 82.9
is considered the total cell count of the LBC specimen since
the area of the captured image is 1.6 mm?. Therefore, we
consider that screening LBC samples with <2,000 squamous
cells as inadequate samples may reduce the false-negative
rate of oral cytology. Furthermore, re-sampling should be
recommended for cases with inadequate samples to reduce
under-diagnosis.

There are some limitations of this study. First, we excluded
cytological samples without histopathological examination.
NILM cases that clearly showed no malignancy on visual
examination did not undergo biopsy. Moreover, the diagnostic
accuracy of this study focused on cytological samples with
clinically suspected malignancy. Thus, bias may have occurred
as a result. If the cytology samples that did not undergo histo-
logical examination are assumed to contain no malignant
lesions, we can infer that the probability of OED, CIS, and
SCC in NILM cases is 14.9-36.1% for CC and 12.6-36.8% for
LBC. Second, the brush type used for oral cytology differs
between CC and LBC cases. Although no study has compared
the cellularity and quality of cytology smears between inter-
dental and Orcellex® brushes, we cannot rule out the possibility
that the brush type may have affected the inadequate rate as
well as the diagnostic accuracy. However, based on current
evidence, it is reasonable to say that the interdental brush and
the Orcellex® brush have similar effects on diagnostic accu-
racy since the results of this study resemble those reported in
similar studies (12,14,22,23).

In conclusion, we observed no statistically significant
differences in the screening accuracy and inadequate rates
of CC and LBC in performing oral cytology. Furthermore,
we conclude that cytological screening must be interpreted
with consideration that clinical findings and the cellularity

of cytology samples can affect screening performance.
Clinicians should convey detailed clinical findings to patholo-
gists and must not forget that the cytological screening of OED
(especially the homogeneous type) and superficial CIS/SCC is
associated with a high false negative rate. Pathologists should
also need to consider the relevant clinical findings and the
cellularity of cytology specimens at the time of screening.
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