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Abstract

Background/Objectives: Structured cytopathology reporting systems attach an evidence-
based risk of malignancy (ROM) to every diagnostic category for the thyroid, salivary
gland, urinary tract, lung and other sites. None exists for the oral cavity, and the ROM of
an oral brush cytology category has not, to our knowledge, been reported. Methods: All
oral liquid-based cytology specimens accessioned at one tertiary dental hospital between
2015 and 2024 were reviewed; those with a site-concordant histopathological diagnosis
obtained within 90 days formed the analytic cohort (n = 137). Cytological reports were
recovered from primary laboratory records and assigned to a five-tier ordinal scale. The
target condition was malignancy or high-grade dysplasia, and diagnostic indices were
calculated at every ordinal threshold with Wilson 95% confidence intervals. Results: ROM
rose monotonically: 15.6% (95% CI 8.7–26.4) for negative, 53.3% (30.1–75.2) for atypical
favoring reactive, 76.9% (61.7–87.4) for atypical cells of undetermined significance (ACUS),
87.5% (52.9–97.8) for atypical favoring neoplastic and 100% (74.1–100) for malignancy. The
ACUS value far exceeded that of the similarly named tier in the thyroid (22%) and salivary
gland (30.5%) systems and fell within the range spanned by their suspicious-for-malignancy
tiers (74% and 83.8%). Malignancy was never reported in a histologically benign or low-
grade lesions. Sensitivity at the ACUS threshold was 25.0% in keratotic against 79.3%
in non-keratotic lesions (p = 0.004). Conclusions: These are, to our knowledge, the first
category-specific ROM estimates for oral brush cytology, and they identify a nomenclature
problem: a category named for the pathologist’s uncertainty carried a risk equivalent to
suspicious for malignancy elsewhere; while a negative report was followed by disease in
one lesion in six. Any oral reporting system should attach an explicit ROM to each category;
our exploratory data further suggest that the surface keratinization of the sampled lesion
should be recorded.

Keywords: oral cytology; liquid-based cytology; oral squamous cell carcinoma; epithelial
dysplasia; leukoplakia; risk of malignancy; structured reporting

1. Introduction
Oral squamous cell carcinoma (OSCC) accounts for more than 90% of all malignan-

cies of the oral cavity and is among the most common cancers worldwide, with a high
incidence in regions where tobacco and alcohol use, betel quid chewing, and high-risk
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human papillomavirus infection are prevalent [1–3]. Despite advances in surgical, radia-
tion, and systemic therapy, the overall five-year survival rate for OSCC has remained
at approximately 50–65%, largely because most cases are diagnosed at an advanced
(T3–T4 or node-positive) stage [4–6]. In contrast, when the disease is detected at stage
I or as carcinoma in situ, five-year survival exceeds 80–90%, with substantially reduced
functional and esthetic morbidity [7,8].

The oral cavity is uniquely accessible to direct clinical examination, yet a diagnos-
tic gap between visible mucosal change and histological confirmation persists. Visual
inspection alone has limited sensitivity for distinguishing dysplasia and early carcinoma
from reactive or benign lesions, and incisional biopsy—the diagnostic gold standard—
requires local anesthesia, causes transient morbidity, and is poorly suited to large-scale
or repeated screening [9,10]. Several adjunctive modalities have been proposed to bridge
this gap, including toluidine blue vital staining, autofluorescence imaging, narrow-band
imaging, brush biopsy with computer-assisted analysis (OralCDx), and salivary biomarker
assays [11–15]. Each is limited in sensitivity, specificity, accessibility, or cost, and none has
replaced scalpel biopsy as the definitive diagnostic procedure.

Liquid-based cytology (LBC), originally developed for cervical cancer screening, pro-
vides reproducible improvements in specimen adequacy, cellular preservation, and ease
of interpretation compared with conventional smear cytology [16,17]. Early reports of
its application to oral lesions described superior cellular yield and reduced obscuring
background relative to conventional exfoliative cytology, with sensitivities of 70–95% and
specificities of 80–99% [18–22]. Cytology-based oral screening is therefore not a new propo-
sition: oral brush LBC has been evaluated as a cost-effective screening strategy [23], and
cytological sampling has been extended by DNA-ploidy analysis for the detection of oral
cancer and the prediction of lesion progression [24]. A more basic limitation is common to
all of these series. In every other site where cytology has entered routine practice, results
are issued within a structured reporting system: a small number of named categories,
each anchored to an explicit risk of malignancy (ROM) and a linked management recom-
mendation. The Bethesda System for the thyroid [25], the Milan System for the salivary
gland [26,27], the Paris System for urinary cytology [28] and the WHO reporting systems
for other sites [29] all share this design. The oral cavity has none. Oral brush cytology is
reported in laboratory-specific formats, and the ROM of a given category has not been
established. A clinician who receives a report of atypical cells therefore has no published
figure with which to interpret it.

We therefore did not set out to demonstrate that oral LBC is accurate; that has been
reported repeatedly. We set out to supply the quantity that a reporting system requires
and that the existing literature does not contain. We retrospectively reviewed all oral
LBC specimens submitted to the cytopathology archive of a single tertiary dental hospital
over a 10-year period (2015–2024) and assembled a cohort of consecutive cases with a site-
concordant histopathological diagnosis, with three objectives. The first was to determine
the ROM of each cytological category as it was actually reported and to place those values
beside the corresponding tiers of the established systems. The second was to report the
operating characteristics of every threshold on the ordinal scale rather than of a single
arbitrary cut-off. The third was to test whether the risk attached to a category depends on
the surface keratinization of the lesion sampled. Because every patient underwent both
tests, the design can describe how cytological categories map onto histopathology. It cannot
establish what cytology adds to clinical examination alone, and no such claim is made.
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2. Materials and Methods
2.1. Study Design and Setting

This investigation was a single-center retrospective observational study conducted at
the Department of Oral and Maxillofacial Surgery and the Department of Oral Pathology,
Chosun University Dental Hospital. The institutional pathology information system was
queried for every oral LBC specimen submitted to the cytopathology archive between
1 January 2015 and 31 December 2024. The study protocol was approved by the Institutional
Review Board (IRB) of Chosun University Dental Hospital (approval number CUDHIRB
2605 001). At the index institution, brush LBC was ordinarily obtained during the initial
clinical assessment of a suspicious oral mucosal lesion, before the decision to biopsy had
been taken. Scalpel biopsy followed where the treating surgeon judged it indicated, at the
same visit or subsequently; in a minority of cases the order was reversed. The observed
sequence and interval of every pair are reported in Section 3.1. Both procedures were
performed as part of routine clinical care and not under a research protocol. No cytological
sampling was undertaken, and no biopsy deferred, for the purposes of this study. Given the
retrospective design and the exclusive use of de-identified archival data, the requirement
for informed consent was waived by the IRB. The study was conducted in accordance
with the Declaration of Helsinki and the relevant national regulations for retrospective
clinical research.

2.2. Source Population and Eligibility

The source population comprised all adult patients (age ≥ 19 years) who underwent
oral LBC sampling for a clinically suspicious mucosal lesion at the index institution during
the study window. From an initial pool of 456 retrieved LBC specimens, the analytic cohort
was restricted to specimens with (i) an intraoral mucosal sampling site clearly documented
in the pathology report, (ii) a final cytology report available in the institutional archive,
and (iii) a verifiable, site-matched histological biopsy report for the same patient and
anatomical site, generated at the same institution. These criteria yielded 142 unique paired
LBC–histology cases. Five pairs in which cytology and biopsy were separated by more
than 90 days were then excluded, leaving 137 cases as the analytic cohort. Patients with
a prior histological diagnosis of OSCC at the index site, current or recent (≤3 months)
chemoradiotherapy, or an LBC specimen reported as unsatisfactory were also ineligible.
These exclusions are contained within the step from 233 to 142 shown in Figure 1.

2.3. LBC Sampling and Processing

All LBC specimens included in the analytic cohort were obtained using a uniform
institutional protocol. After removal of superficial debris with sterile saline, the suspicious
lesion was sampled by firm, multidirectional brushing using a sterile cytobrush (Rovers
Cervex-Brush; Rovers Medical Devices, Oss, The Netherlands) until pinpoint capillary
bleeding was observed, ensuring transepithelial sampling. The brush was immediately
immersed and vigorously rinsed in 20 mL of a methanol-based fixative (ThinPrep Pre-
servCyt; Hologic, Marlborough, MA, USA). Specimens were processed on the ThinPrep
2000 processor (Hologic, Marlborough, MA, USA) using the standard non-gynecological
protocol. Slides were stained with the Papanicolaou stain and reviewed by board-certified
cytopathologists according to the institutional standard operating procedure.
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Figure 1. Flow of oral liquid-based cytology (LBC) specimens through the study. Eligibility required a
histopathological biopsy ordered for the cytologically sampled lesion, performed at the same site and
institution, with both reports retrievable from the electronic medical record and the two procedures
within 90 days of one another; the further ineligibility criteria shown in the exclusion boxes are
defined in Section 2.2.

2.4. Reference Standard: Scalpel Biopsy

The paired histological biopsy served as the reference standard. Biopsy specimens
had been obtained under local anesthesia (2% lidocaine with 1:100,000 epinephrine) as
part of the routine diagnostic workflow, fixed in 10% neutral-buffered formalin, paraffin-
embedded, sectioned at 4 µm, and stained with hematoxylin and eosin. All histopatho-
logical diagnoses had been rendered by board-certified oral pathologists according to the
World Health Organization classification of head and neck tumors in force at the time of
reporting [30]. Each biopsy diagnosis was assigned to one of four levels, and the two target
conditions were built from them, as defined in Section 2.6.

2.5. Cytological Categorization

Cytological reports were issued on a five-tier ordinal scale adapted from the Bethesda
system [31], as applied by the reporting laboratory: (i) negative for malignancy, (ii) atypical,
favoring reactive, (iii) atypical cells of undetermined significance (ACUS), (iv) atypical,
favoring neoplastic, and (v) malignancy. Diagnostic indices were calculated against the
histological reference standard under two pre-specified positivity definitions: a strict
definition, in which only the malignancy category was treated as LBC-positive, and an
expanded definition, in which every non-negative category was treated as LBC-positive.
For the present analysis the original cytopathology reports for all 137 cases were retrieved
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from the primary laboratory records and assigned to that scale exactly as rendered. No
slide was reinterpreted and no new cytological judgment was made. The study database
had carried a reduced set of labels in which the three intermediate grades were collapsed
under the single label atypical. Every analysis reported below is based on the retrieved
primary reports, not the reduced labels (one further label discrepancy is documented
in Supplementary Methods S1). Reporting in 2015, the first year of the series, was not
uniform: 13 of the 22 cases from that year were issued in an earlier single-line format
and were assigned to the ordinal scale from that diagnostic line verbatim, without slide
review (mapping rules in Supplementary Methods S1). Because the format was mixed in
that year, a sensitivity analysis excluding all 22 cases from 2015 is reported in Section 3.5.
No written morphological criteria for these categories were published by the reporting
laboratory, and none existed for the oral cavity during the study period; that absence is
part of the problem this study addresses. The reports themselves, however, use stereotyped
descriptive wording. An explicit microscopic description accompanied the categorical
diagnosis in 203 of the 453 archived specimens carrying one (44.8%), and its content was
consistent within each category (Supplementary Methods S2). We report these observed
proportions rather than a criteria table, because a criteria table constructed after the fact
would not describe how the categories were actually applied.

2.6. Variables Extracted

For each paired case the following variables were abstracted from the institutional
records: anonymized chart identifier, date of LBC, year, specimen adequacy, cytologi-
cal category, specific cytological diagnosis, reported anatomical location, and the final
histopathological diagnosis from the paired biopsy. The surface character of the lesion was
not a field of the clinical record and was derived post hoc, for the exploratory stratification
in Section 3.5 only: a lesion was classified as keratotic when the histopathological or clini-
cal diagnostic line recorded leukoplakia, hyperkeratosis, keratosis, or a verrucous lesion,
and as non-keratotic otherwise. The histopathological diagnosis served as the reference
standard. It was assigned to one of four levels from the verbatim diagnostic line of the
biopsy report, without slide review: (i) malignant, comprising any invasive or in situ
carcinoma or other malignancy; (ii) high-grade dysplasia, comprising moderate or severe
epithelial dysplasia; (iii) low-grade dysplasia, comprising mild epithelial dysplasia; and
(iv) benign, comprising all remaining diagnoses (assignments that required a decision
beyond the verbatim line are documented in Supplementary Methods S1). Two target
conditions were used: malignancy alone (level i), and the expanded target condition of
malignancy or high-grade dysplasia (levels i and ii). ROM is reported under both. All
remaining analyses use the expanded target condition unless malignancy alone is specified.
Levels (iii) and (iv) were treated as disease-negative throughout, so a report of atypia in a
mildly dysplastic lesion counts as a false positive.

2.7. Statistical Analysis

Categorical variables are presented as frequencies and percentages. The ROM of
each cytological category was calculated as the proportion of specimens in that category
meeting the target condition, and diagnostic indices were calculated at each of the four
ordinal thresholds. The histological verification rate of each category—the proportion of all
specimens reported in that category during the study period with a paired histopathological
diagnosis within 90 days—is reported alongside the ROM, so that the direction of partial
verification bias can be judged. Proportions were compared with the two-sided Fisher
exact test and category distributions with the chi-square test. No adjustment was made
for multiple comparisons, and the stratification by lesion surface character is exploratory.
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Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
overall accuracy, and their 95% confidence intervals were calculated using the Wilson score
method. Analyses were performed in Python 3.13 (SciPy 1.17). A two-sided p-value < 0.05
was considered statistically significant.

3. Results
3.1. Cohort Overview

Of 456 oral LBC specimens identified in the institutional archive between 2015 and
2024, 137 met the inclusion criteria for paired analysis (Figure 1). A histopathological biopsy
was ordered for the sampled lesion in 233 of the 456 specimens (51.1%). Of these, 142 had
a site-matched biopsy with both reports retrievable from the electronic medical record,
and five pairs separated by more than 90 days were excluded, leaving 137 pairs. Cytology
and biopsy were performed on the same day in 102 pairs (74.5%); cytology preceded
biopsy in 25 (18.2%; median 14 days, range 1–84) and followed it in 10 (7.3%; median
13 days, range 2–90). All 137 specimens were oral brush LBC preparations. Adequacy
was recorded as satisfactory in 124 of 137 cases (90.5%); the remaining 13 reports, all
issued in 2015, were produced in a format that contained no adequacy field (Section 2.5).
Histopathology confirmed a malignant or high-grade dysplastic lesion in 66 cases (48.2%)
and a benign or low-grade lesion in 71 (51.8%). Annual accrual of paired cases was uneven
(range 1–39 per year; Supplementary Table S1). No paired case arose in 2021 or 2022: none
of the 67 specimens accessioned in those two years had a site-concordant histopathological
diagnosis. Given the small and uneven annual denominators, year-to-year differences are
reported descriptively and are not interpreted as a temporal trend. The specimens that did
not enter the analytic cohort are accounted for by cytological category in Section 3.5.

3.2. Distribution of Cytological Categories

Across the 137 paired cases, the distribution of ordinal cytological categories was:
negative for malignancy 64 (46.7%), atypical favoring reactive 15 (10.9%), ACUS 39 (28.5%),
atypical favoring neoplastic 8 (5.8%), and malignancy 11 (8.0%) (Table 1). The combined
non-negative fraction accounted for 53.3% of all paired specimens.

Table 1. Distribution of ordinal cytological categories in the retrospective paired cohort (n = 137).
Percentages do not total 100.0 because of rounding.

Cytological Category n %

Negative for malignancy 64 46.7
Atypical, favoring reactive 15 10.9

ACUS 39 28.5
Atypical, favoring neoplastic 8 5.8

Malignancy 11 8.0
Total 137 99.9

3.3. Anatomical Location of Sampled Lesions

Among the 137 paired specimens, the anatomical site was specified in 78 cases (56.9%)
and reported as “not specified” in the remaining 59 (43.1%). When recorded, the tongue
(28 cases, 20.4%) and buccal mucosa (19, 13.9%) were the most frequently sampled subsites,
followed by multiple-site sampling (13, 9.5%), gingiva/alveolar ridge (10, 7.3%), palate
(7, 5.1%), and floor of mouth (1, 0.7%). The site distribution is summarized in
Supplementary Table S2.
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3.4. Diagnostic Performance Against Paired Histology

Diagnostic-performance indices were calculated under both pre-specified positivity
definitions and are summarized in Table 2. The underlying cross-tabulation of the ordinal
cytological categories against the histological reference is presented in Table 3.

Table 2. Diagnostic-performance indices of LBC against paired histology (n = 137), reported under two
pre-specified positivity definitions. Target condition: malignancy or high-grade (moderate-to-severe)
epithelial dysplasia.

Index Strict (Mal+ Only) Expanded (Any
Non-Negative Category)

Sensitivity 16.7% (9.6–27.4) 84.8% (74.3–91.6)
Specificity 100.0% (94.9–100.0) 76.1% (65.0–84.5)

Positive predictive value 100.0% (74.1–100.0) 76.7% (65.8–84.9)
Negative predictive value 56.3% (47.6–64.7) 84.4% (73.6–91.3)

Overall accuracy 59.9% (51.5–67.7) 80.3% (72.8–86.1)

Table 3. Cross-tabulation of the ordinal cytological category against paired histological diagnosis
(n = 137). The malignant or high-grade column comprises levels (i) and (ii) of the histological reference
standard defined in Section 2.6, that is all invasive and in situ carcinomas and other malignancies
together with moderate-to-severe epithelial dysplasia.

Cytological Category Histology Malignant or
High-Grade (n = 66)

Histology Benign or
Low-Grade (n = 71)

Malignancy 11 0
Atypical, favoring neoplastic 7 1

ACUS 30 9
Atypical, favoring reactive 8 7
Negative for malignancy 10 54

Under the strict definition, in which only the LBC “Malignancy” category was con-
sidered positive, the sensitivity, specificity, PPV, NPV, and overall accuracy were 16.7%,
100.0%, 100.0%, 56.3%, and 59.9%, respectively. A cytological diagnosis of overt malig-
nancy was therefore essentially confirmatory—every such read corresponded to a histolog-
ically malignant lesion—but identified only a small minority of histologically confirmed
malignant cases.

Under the expanded definition, in which any non-negative cytological category was
treated as positive, the corresponding values were 84.8%, 76.1%, 76.7%, 84.4%, and 80.3%.
Across both definitions no false-positive read arose in the “Malignancy” category specifi-
cally (0 of 11 cytological malignancy reads were histologically benign or low-grade), while
the three atypical categories together captured the majority of histologically confirmed
malignant or high-grade lesions at the cost of 17 false-positive reads.

3.5. Risk of Malignancy by Cytological Category

The ROM attached to each reporting category increased monotonically across the
ordinal scale (Table 4). For histologically confirmed malignancy, ROM was 9.4%, 26.7%,
66.7%, 87.5% and 100% for negative, atypical favoring reactive, ACUS, atypical favoring
neoplastic and malignancy, respectively; for the expanded target condition, 15.6%, 53.3%,
76.9%, 87.5% and 100%. No cytological diagnosis of malignancy was rendered in a his-
tologically benign or low-grade lesion. The proportion of specimens in each category
that proceeded to histological verification was much lower in the two lowest categories
(25.6% and 15.8%) than in the three highest (48.8%, 57.1% and 78.6%; Table 4, final col-
umn). The category distribution of verified and unverified specimens differed accordingly
(chi-square = 45.3, df = 4, p < 0.001): the analytic cohort is enriched for the higher categories
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relative to the workload from which it was drawn. This partial verification has a known
direction and is considered in Section 4.

Table 4. Risk of malignancy (ROM) by cytological reporting category (n = 137), with the corre-
sponding tier of established WHO-type reporting systems. ROM is given for two target conditions:
histologically confirmed malignancy, and malignancy or high-grade (moderate-to-severe) epithelial
dysplasia. Wilson 95% confidence intervals. The final column gives the proportion of all specimens
reported in that category during the study period that proceeded to histological verification (453 of
the 456 archived specimens carried a categorical diagnosis; three were reported as unsatisfactory).

Cytological Category
Equivalent Tier in

WHO-Type Reporting
Systems

n ROM, Malignancy
Only, % (95% CI)

ROM, Malignancy or
High-Grade Dysplasia,

% (95% CI)

Histological
Verification Rate, %

Negative for
malignancy

Benign/negative for
malignancy 64 9.4 (4.4–19.0) 15.6 (8.7–26.4) 25.6 (64/250)

Atypical, favoring
reactive Atypical 15 26.7 (10.9–52.0) 53.3 (30.1–75.2) 15.8 (15/95)

Atypical cells of
undetermined

significance (ACUS)
Atypical 39 66.7 (51.0–79.4) 76.9 (61.7–87.4) 48.8 (39/80)

Atypical, favoring
neoplastic Suspicious for malignancy 8 87.5 (52.9–97.8) 87.5 (52.9–97.8) 57.1 (8/14)

Malignancy Malignant 11 100.0 (74.1–100.0) 100.0 (74.1–100.0) 78.6 (11/14)

Diagnostic indices at each of the four ordinal thresholds are given in Table 5;
its first and last rows correspond to the expanded and strict positivity definitions
of Table 2. At the ACUS threshold, sensitivity was 72.7% (95% CI 61.0–82.0) and speci-
ficity 85.9% (76.0–92.2) for the expanded target condition, and 81.5% (69.2–89.6) and
83.1% (73.7–89.7) for malignancy alone. Sensitivity at this threshold differed markedly
by the surface character of the sampled lesion: 25.0% (7.1–59.1) in the 32 keratotic lesions
(leukoplakia, hyperkeratosis, verrucous hyperplasia; 8 disease-positive) against 79.3%
(67.2–87.7) in the 105 non-keratotic lesions (58 disease-positive; Fisher exact test, two-sided
p = 0.004). Six of the eight disease-positive keratotic lesions were reported below the ACUS
threshold, including one with severe epithelial dysplasia and one invasive carcinoma.

Table 5. Diagnostic indices at each ordinal cytological threshold (n = 137). Target condition: malig-
nancy or high-grade (moderate-to-severe) epithelial dysplasia. TP, true positive; FP, false positive;
FN, false negative; TN, true negative; PPV, positive predictive value; NPV, negative predictive value.
Wilson 95% confidence intervals.

Threshold (Test
Positive at or Above) TP FP FN TN Sensitivity

% (95% CI)
Specificity %

(95% CI) PPV % (95% CI) NPV % (95% CI)

Atypical, favoring
reactive 56 17 10 54 84.8

(74.3–91.6)
76.1

(65.0–84.5) 76.7 (65.8–84.9) 84.4 (73.6–91.3)

Atypical cells of
undetermined

significance (ACUS)
48 10 18 61 72.7

(61.0–82.0)
85.9

(76.0–92.2) 82.8 (71.1–90.4) 77.2 (66.8–85.1)

Atypical, favoring
neoplastic 18 1 48 70 27.3

(18.0–39.0)
98.6

(92.4–99.8) 94.7 (75.4–99.1) 59.3 (50.3–67.8)

Malignancy 11 0 55 71 16.7
(9.6–27.4)

100.0
(94.9–100.0) 100.0 (74.1–100.0) 56.3 (47.6–64.7)

Two sensitivity analyses were performed (Supplementary Table S3). Excluding all
22 cases from 2015, in which the reporting format was mixed (Section 2.5), no diagnostic
index shifted by more than 5.4 percentage points and every confidence interval overlapped
that of the full cohort. The findings are therefore not an artifact of the retrospective
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category assignment. Excluding the two histologically confirmed malignancies that were
not unequivocally squamous—a low-grade mucoepidermoid carcinoma reported as ACUS,
and a gingival malignant tumor with a differential of spindle cell carcinoma, squamous cell
carcinoma and sarcoma, reported as atypical favoring reactive—sensitivity at the ACUS
threshold changed by less than two percentage points and specificity was unchanged.

All ten specimens reported at or above the ACUS threshold in lesions histologically
negative for the expanded target condition are listed in Table 6. Seven arose in lesions
showing epithelial reparative or reactive change: four ulcerated lesions (two with inflamed
granulation tissue), one pseudoepitheliomatous hyperplasia, one lichenoid mucositis,
and one subepithelial bulla with necrosis of the basal cell layer. An eighth arose in a
hyperkeratotic lesion with acanthosis clinically diagnosed as leukoplakia. Of the remaining
two, one was a pleomorphic adenoma reported as atypical favoring neoplastic, in which
the identification of a neoplastic process was correct and the discordance is definitional.
The other carried low-grade epithelial dysplasia, disease-negative by the same definition.

Table 6. Specimens reported at or above the ACUS threshold in lesions that were histologically
negative for the expanded target condition (n = 10). The final column gives the most probable source
of the discordance. Case numbers are arbitrary and do not correspond to any institutional identifier.

Case Cytological Category Histopathological Diagnosis Probable Source of Discordance

1 ACUS Pseudoepitheliomatous hyperplasia with
inflamed granulation tissue Pseudoepitheliomatous hyperplasia

2 ACUS Traumatic ulcer Reparative atypia

3 ACUS Ulceration with inflamed granulation
tissue Reparative atypia

4 ACUS Ulceration with inflamed granulation
tissue Reparative atypia

5 ACUS Ulceration with surface exogenous
pigmentation and chronic inflammation Reparative atypia

6 ACUS Hyperkeratosis and acanthosis, clinically
leukoplakia Keratotic surface epithelium

7 ACUS Lichenoid mucositis with
lymphoplasmacytic infiltrate Lichenoid interface change

8 ACUS Subepithelial and intraepithelial bulla
with necrosis of the basal cell layer

Vesiculobullous disease with basal cell
damage

9 Atypical, favoring neoplastic Pleomorphic adenoma Benign neoplasm; neoplastic reading
correct, discordance definitional

10 ACUS
Chronic inflammation with

hyperkeratosis; low-grade squamous
dysplasia at a second site

Low-grade dysplasia, disease-negative by
definition

3.6. Representative Cytological and Histological Findings

Figure 2 shows one representative preparation for each of the five ordinal categories,
and Figure 3 the single case for which both a cytological and a histological photomicrograph
were retained. Preparations reported as malignant showed cellular crowding, anisonucleo-
sis, irregular nuclear contours, hyperchromasia and an increased nuclear-to-cytoplasmic
ratio against a relatively clean background. Preparations reported as negative that proved
malignant on biopsy were typically dominated by anucleate squames and keratinaceous
debris with only sparse dysplastic cells. The ACUS and atypical-favoring-neoplastic cate-
gories were separated by the extent and distribution of the atypical population rather than
by any single qualitatively distinct feature.
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Figure 2. Representative liquid-based cytology preparations across the five ordinal reporting cat-
egories (Papanicolaou stain). For each panel the features on which the category was assigned are
described in place of superimposed markers, so that the entire field remains available for inspection,
and the paired histopathological diagnosis is given. (A) Negative for malignancy: mature superficial
and intermediate squamous cells with small pyknotic nuclei and low nuclear-to-cytoplasmic ratios,
together with anucleate keratinized squames in a clean background; histopathology, hyperkeratosis
and acanthosis of the left tongue (clinically leukoplakia). (B) Atypical, favoring reactive: flat cohe-
sive sheets of mildly enlarged, evenly spaced nuclei with preserved cytoplasm among squamous
and inflammatory cells; histopathology, hyperkeratosis and acanthosis with moderate epithelial
dysplasia of the right lateral tongue (clinically leukoplakia). (C) Atypical cells of undetermined
significance: a single discrete crowded group of cells with enlarged, overlapping hyperchromatic
nuclei in an otherwise unremarkable background of mature squamous cells; histopathology, inva-
sive squamous cell carcinoma of the left lateral tongue. (D) Atypical, favoring neoplastic: multiple
dispersed three-dimensional clusters with scant cytoplasm, high nuclear-to-cytoplasmic ratios and
marked variation in nuclear size; histopathology, poorly differentiated squamous cell carcinoma
of the ventral tongue. (E) Malignancy: numerous atypical cells with irregular, angular, densely
hyperchromatic nuclei; histopathology, invasive squamous cell carcinoma of the right buccal gingiva.
Paired histological photomicrographs were not retained in the institutional archive for these five
cases; a case for which both preparations were retained is shown in Figure 3.

Figure 3. Paired cytological and histological preparations from a single case reported as nega-
tive for malignancy—the only case in the cohort for which both photomicrographs were retained.
(A) Liquid-based cytology of a lesion of the right ventral tongue: cohesive sheets of squamous
cells with regular nuclei and preserved cytoplasm, together with keratinized orangeophilic cells; no
atypical population was identified and the case was reported as negative for malignancy (Papanico-
laou stain). (B) Hematoxylin-and-eosin section of the scalpel biopsy from the same lesion, showing
invasive squamous cell carcinoma with keratin pearl formation and stromal infiltration.
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4. Discussion
Structured reporting is now the norm in cytopathology. The Bethesda, Milan, Paris and

WHO systems each attach a published ROM and a linked management recommendation
to a small set of defined categories; that attachment converts a descriptive report into a
decision. The oral cavity has no such system, and the ROM of an oral brush cytology
category has not been established. The present series was reported by its own laboratory
on a five-tier scale that maps directly onto that common structure, and every case had a site-
concordant histopathological diagnosis. It therefore permits the calculation that a reporting
system requires. We present these values not as a proposal for a system, which would
need multi-institutional data and formal reproducibility testing, but as a first empirical
benchmark against which such a proposal could be framed.

Three findings warrant emphasis. First, the probability of malignancy or high-grade
dysplasia rose monotonically across the five reporting categories, from 15.6% for a negative
report to 100% for a report of malignancy; the categories are therefore separable in a way
that could support graded management. Second, the category denoting the pathologist’s un-
certainty carried a risk that in other organ systems belongs to the suspicious-for-malignancy
tier. Third, these probabilities were not a property of the test alone: in keratotic lesions, a
report below the ACUS threshold retained almost no exclusionary value.

Placing these values beside the established systems exposes two problems of different
kinds. The malignant tier behaves as it does elsewhere: no cytological diagnosis of malig-
nancy was rendered in a histologically benign or low-grade lesion. The negative tier does
not. A negative report carries a low residual risk in the established systems, whereas here
it was followed by malignancy or high-grade dysplasia in one lesion in six—a question of
sampling rather than of nomenclature, taken up below. The divergence that inverts the
meaning of a label is confined to the atypical range. ACUS carried a ROM of 76.9% (66.7%
for malignancy alone), whereas the similarly named tier carries a pooled risk of 22% (95%
CI 13–30) in the thyroid [25] and 30.5% in the salivary gland [27]; the oral value instead falls
within the range spanned by their suspicious-for-malignancy tiers (74% and 83.8%). Stricter
thresholding of the ACUS label and the high pre-test probability of a biopsy-selected cohort
are both plausible explanations. They operate in the same direction and cannot be separated
here, but the practical consequence is not in doubt: the same words denote a fundamentally
different probability in this organ.

The threshold consequences are made explicit in Table 5. Moving the positivity thresh-
old from malignancy alone down to the lowest atypical category raises sensitivity from
16.7% to 84.8% and lowers specificity from 100.0% to 76.1%. Which threshold is appropriate
is a clinical judgment that these data do not settle. Of the 66 histologically confirmed malig-
nant or high-grade lesions, 45 (68.2%) were reported in one of the three atypical categories
rather than as malignant. The threshold at which oral LBC operates as a triage to biopsy
is therefore the lowest atypical read, and at that threshold its performance (sensitivity
84.8%, specificity 76.1%) lies within the range of published oral LBC series (70–95% and
80–99% [18–22]), which differ from the present series in case mix, positivity definition
and completeness of verification, and it is consistent with brush-based series reporting
high accuracy for early detection [32]. The absence of false positives in the malignancy
category rests on a small denominator: its PPV of 100.0% carries a 95% confidence interval
of 74.1–100.0 and is compatible with a false-positive rate of up to one in four. A cytological
diagnosis of malignancy therefore justifies proceeding to confirmatory biopsy without
delay, not definitive treatment planning, and a negative or atypical read should not by itself
defer biopsy of a clinically suspicious lesion. Collapsing all atypical reads into a single
label, as the study database itself had done, discards decisive information: the single word
atypical spanned lesions whose probability of disease ranged from 53% to 88%.
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The designation atypical cells of undetermined significance describes the pathologist’s
degree of certainty, not the patient’s risk. In this cohort the two diverge sharply: a read of
undetermined significance was followed by malignancy or high-grade dysplasia in 77% of
lesions. A nomenclature that signals uncertainty while denoting high risk is liable to be
misinterpreted as grounds for observation, and we would argue that the reported category
should be accompanied by its observed post-test probability.

Sensitivity was not a property of the test alone but of the lesion sampled. In keratotic
lesions—leukoplakia, hyperkeratosis and verrucous hyperplasia—sensitivity at the ACUS
threshold fell to 25.0% against 79.3% elsewhere (p = 0.004), and six of eight diseased keratotic
lesions were reported below that threshold, including one with severe dysplasia and one
invasive carcinoma. The most plausible explanation is mechanical: a keratinized surface
obstructs brush sampling, so the preparation is dominated by anucleate squames while the
basal cells carrying the dysplastic change remain unsampled, and the pinpoint-bleeding
endpoint of the protocol does not guarantee that basal cells were recovered from the
keratinized area itself. With only eight disease-positive keratotic lesions the observation is
exploratory, but its practical consequence is immediate: a negative cytological report should
not defer biopsy of a clinically suspicious leukoplakia. Whether surface decortication before
brushing recovers the lost sensitivity is a question for prospective study.

The false positives at the ACUS threshold were likewise patterned rather than random
(Table 6): seven of the ten arose in lesions showing epithelial repair or reactive change. Pseu-
doepitheliomatous hyperplasia, granulation tissue at the base of an ulcer and regenerating
epithelium all yield enlarged, hyperchromatic nuclei against an inflammatory background;
and an exfoliative preparation strips these cells of the architectural context on which the
histological recognition of their benign nature depends. A report of atypia in a recently
ulcerated, traumatized or acutely inflamed lesion therefore carries a lower probability of
malignancy than the same report in an intact lesion, and repeat sampling after the inflam-
mation has resolved may be more proportionate than immediate escalation—a qualification
any oral reporting system would need to state explicitly.

Only lesions that proceeded to biopsy could enter this analysis, and the probability
of biopsy was itself related to the cytological read (25.6% and 15.8% verification for the
two lowest categories against 48.8–78.6% for the three highest). This partial verification
bias operates in a predictable direction, inflating sensitivity and deflating specificity, and it
makes the reported probabilities conditional on the decision to biopsy having been made.
That conditioning is appropriate to the intended use—the interpretation of a report in a
patient for whom biopsy is already being recommended—and the same constraint applies
to the comparator systems, whose ROM figures likewise derive from verified subsets. We
report the verification rate of every category so that the direction and size of the bias can
be judged. Extrapolation to unselected populations is nonetheless precluded: at a disease
prevalence of 1%, the same operating characteristics would yield a positive predictive value
below 10%, and we do not present these data as support for population screening.

Oral LBC is one of several non-invasive approaches to the detection of oral cancer, and
the present data do not compare it with the alternatives, which include organized screen-
ing programs, adjunctive diagnostic technologies and DNA-image cytometry [33–37]. A
reporting system built on morphology alone also has a ceiling: the sensitivity obtained here
is lower than that reported for brush sampling augmented by DNA-ploidy analysis of the
same material [24], and the gain in that setting came from an ancillary measurement rather
than from any change in morphological interpretation. Molecular characterization offers
complementary axes. Transcriptomic signatures, including lipid-metabolism gene panels,
stratify prognosis and immunotherapy response in OSCC independently of histological
grading [38], and salivary biomarkers, including the protein cargo of small extracellular
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vesicles, distinguish OSCC from healthy mucosa non-invasively [39,40]. None of these
yet attach an established ROM to a defined result category, so they are complementary
to, rather than competitive with, a graded morphological report. Because liquid-based
preparations leave a residual cell pellet that routinely supports ancillary testing in cervical
cytology, applying a molecular assay to the residual sample of an atypical oral read is
a plausible route to resolving precisely the category this study identifies as problematic.
Computational reading is a second extension—deep-learning models approach subspe-
cialty performance in cervical, urothelial and thyroid cytology [41–45]—but it will require
prospectively collected, unselected whole-slide material with paired histological outcomes,
which the present archive does not provide.

Several limitations should be acknowledged. The study is single-center and reflects
local cytopathology reading conventions, referral patterns, and biopsy thresholds. The
retrospective design inherits the data quality limits of clinical archives, including ab-
sent anatomical-site annotation in 43.1% of cases, and inter-observer reproducibility was
not assessed. The cohort is enriched for clinically suspicious lesions and subject to the
partial verification bias set out above, so the indices reflect a referred, biopsy-eligible
population rather than a screening setting. Histopathological biopsy is itself subject to
sampling error in heterogeneous lesions, and a small number of biopsies may not have
co-registered exactly with the LBC sampling field. The case mix shifted over the window—
ten of the eleven cytologically malignant reads were issued in 2015–2016—so the risk
attached to the uppermost category should not be read as time-invariant. Finally, the
archived photomicrographs in Figures 2 and 3 were stored at 640 × 480 pixels without
a recorded objective magnification, which suffices for cellular arrangement and staining
pattern but not for fine chromatin detail, and paired histological images were retained for
only one case.

Against these limitations, the cohort spans ten years of uniform sampling and process-
ing at a single institution and is among the largest retrospective paired analyses of oral
LBC reported from a Korean tertiary dental hospital. The dual positivity definitions make
the effect of the threshold visible rather than fixing it by convention.

5. Conclusions
Every patient in this series underwent both cytology and biopsy, so the design cannot

establish what oral liquid-based cytology adds to a diagnostic pathway, and we claim no
such addition. What it does establish is the ROM attached to each reporting category—16%,
53%, 77%, 88% and 100% for negative, atypical-favoring-reactive, ACUS, atypical-favoring-
neoplastic and malignant reads, respectively—derived in a population for which biopsy
had already been judged necessary, to which setting these values apply. Two categories
are liable to be misread in routine practice. A report of ACUS denotes the pathologist’s
uncertainty, not the patient’s: 77% of these lesions were malignant or high-grade, and the
category should be acted upon as a high-risk result rather than as grounds for observation.
A negative report was followed by disease in 16% of lesions overall, and in keratotic
lesions six of the eight diseased lesions were reported below the ACUS threshold, so in
that setting a report below the threshold does not exclude disease. A cytological diagnosis
of malignancy, conversely, was never rendered in a histologically benign or low-grade
lesion and justifies confirmatory biopsy without delay, though not definitive treatment
planning. These are single-institution estimates from 137 retrospective pairs and should be
read as a first benchmark rather than as settled values. If a structured reporting system for
oral cytology is to be developed, each category should carry an explicit ROM, because the
terminology inherited from other organ systems does not transfer, and these data suggest
that the surface keratinization of the sampled lesion should be recorded with the report.
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Prospective multicenter series, with the ordinal scale applied concurrently and histological
verification not conditional on the cytological read, are needed to establish these values
and to confirm the keratotic sensitivity deficit.
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