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Abstract

Background

Oral and laryngeal epithelial lesions are diagnosed based on histologic criteria 

of WHO classification which may cause interobserver variability. Integrated 

diagnostic approach based on immunohistochemistry (IHC) is required that can 

help the interpretation of ambiguous histological findings of epithelial lesions. 

Methods

The oral cavity and larynx tissues of 114 cases from 104 patients were examined 

by IHC for p53 and Ki-67. Logistic regression analysis and decision tree algorithm 

were employed to develop the scoring system and predictive model for 

differentiating the epithelial lesions. Cohen kappa coefficient was conducted to 

evaluate the interobserver variability. The comparison between TP53 mutation 

and expression patterns of p53 was conducted by next-generation sequencing 

(NGS) and IHC. 

Results

Two expression patterns for p53, diffuse expression type (pattern HI) and null 

type (pattern LS), and pattern HI for Ki-67 were significantly associated with high 

grade dysplasia (HGD) or squamous cell carcinoma (SqCC). With accuracy and 

the area under a receiver operating characteristic curve (AUC) of 84.6% and 0.85,

respectively, the scoring system based on p53 and Ki-67 classified epithelial 

lesions into two types: non-dysplasia (ND) or low grade dysplasia (LGD), and 

HGD or SqCC. The decision tree model using p53 and Ki-67 classified epithelial 

lesions into ND, LGD, and group 2 including HGD or SqCC with accuracy and 

AUC of 75% and 0.87, respectively. The integrated diagnosis had a better

correlation with near perfect agreement (weighted kappa 0.92, unweighted kappa 

0.88). The patterns HI and LS for p53 were confirmed to be correlated with 
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missense mutations and nonsense/frameshift mutations, respectively.

Conclusions

The correlation between the TP53 mutation and the expression patterns of p53 

was confirmed and the predictive model of diagnosis was developed. Therefore, 

the scoring system based on p53 and Ki-67 expression patterns aids the 

differentiation of epithelial lesions, especially when the morphologic features are 

ambiguous.

Keywords: oral dysplasia, laryngeal dysplasia, squamous cell carcinoma, p53, Ki-67
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Introduction

TP53 gene is the most frequently altered gene in head and neck squamous cell 

carcinoma (HNSCC), including oral cavity and larynx. Next-generation sequencing 

(NGS) confirmed the prevalence of TP53 mutation ranges 30 – 70% (1, 2). It often 

appears in squamous dysplasia, a premalignant lesion, suggesting that it occurs 

in early stage of carcinogenesis. As a predictor and prognostic marker, TP53

mutation is related with poor prognosis and resistance to chemotherapy and 

radiotherapy (1, 3).

Through analyzing the correlation between TP53 mutation and expression of 

p53 protein, immunohistochemistry (IHC) can effectively detect TP53 genomic 

alteration status for a more accurate diagnosis. Several studies have 

analyzed TP53 mutation and the expression of p53 protein in the epithelial lesion 

of the oral cavity and larynx (4-8). Recently, Sawada et al. confirmed the 

correlation between TP53 genetic alteration and p53 protein by NGS, 

fluorescence in situ hybridization analysis (FISH), and IHC in oral epithelial 

dysplasia. They categorized the results of IHC for p53 into four patterns and 

identified that two patterns, diffuse expression type (pattern HI) and null type 

(pattern LS) are significantly related to TP53 mutation, especially missense

mutation and nonsense mutation, respectively (9).

HNSCC including oral cavity and larynx squamous cell carcinoma (SqCC) is the 

sixth most common malignancy worldwide. Despite improved multimodal

approach including surgery, chemotherapy, and radiotherapy, survival of patients

with HNSCC is not significantly increased. Early detection of HNSCC and its 

premalignant lesion is important because it can improve not only survival rate,

but also the health-related quality of life of patients, given the anatomical 
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complexity and daily function of head and neck region (10).

World Health Organization (WHO) classification provides diagnostic criteria 

based on the presence of histologic features for oral and laryngeal epithelial 

dysplasia (11). The criteria include the architectural and cytologic features,

several of which are imprecise, resulting in subjective evaluation and 

interobserver variability (12-16). Some histologic features can be also observed

in reactive lesions including edges of ulcers, candida infection, and mucosal 

changes following chemotherapy, which may mimic dysplasia (16, 17). In 

comparison to surgical samples, accurate histological evaluation of biopsy

specimens can be difficult due to inflammation or inadequate tissue processing, 

such as embedding (18).

To aid more accurate diagnosis based on histologic criteria, many reports

studied prognostic and predictor markers including p53 and proliferative index 

marker Ki-67 as new ancillary techniques (19-21). However, no integrated 

diagnostic model to improve the accuracy has been reported. Herein, I analyzed

the expression patterns of p53 and Ki-67 in oral and laryngeal epithelial lesions

including non-dysplasia (ND), low grade dysplasia (LGD), high grade dysplasia 

(HGD), and SqCC, and conducted TP53 mutational screening by NGS for

developing the diagnostic model that allows early and precise diagnosis of 

epithelial dysplasia.
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Materials and methods

Study samples

The study cohort consisted of 104 patients treated with biopsy or surgery for 

squamous epithelial lesion including ND, LGD, HGD, and SqCC from January 2018 

to September 2021 at Asan Medical Center (Seoul, Republic of Korea). 114 cases 

of 104 patients were available for the analysis. Among the 104 patients, the 

tissues of 96 patients were obtained only once, the tissues of six patients were 

obtained twice, and the tissues of two patients were obtained three times. NGS 

was performed on sixteen of 114 previously stated cases.

To assess interobserver variability, two pathologists (J.S.S and J.S.J) independently 

evaluated each slide. The pathologists were blinded to the patient's diagnosis 

and clinical information. To reconfirm the diagnosis, all hematoxylin and eosin 

(H&E) stained sections were pathologically reviewed by two head and neck 

expert pathologists (K.J.C and J.S.S) and one resident pathologist (J.S.J). Squamous

dysplasia of oral cavity and larynx were graded using a binary system suggested 

by Kujan O et al. (22) and the 2017 WHO Tumor Classification criteria (11),

respectively. The final diagnosis was reconfirmed using histologic features and 

the results of IHC staining. Disagreement between pathologists was resolved by a 

consensus meeting. The representative images of squamous epithelial lesions are 

shown in Fig.1.

Patient’s clinicopathological information including demographics and 

characteristics of patients, diagnosis, follow-up period, and time to recurrence

were obtained from electronic medical records and surgical pathology reports.

The recurrence of SqCC or HGD was defined as the occurrence of SqCC or HGD

in the same site within the follow-up period following active treatment (i.e.,
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surgical excision or laryngeal microsurgery) through imaging analysis

with/without pathologic confirmation. Smoking history was quantified in packs –

years and patients were classified as non-smokers, former smokers who quit 

more than ten years ago, and current smokers. Alcohol consumption is defined 

as the absence of a history of alcohol use, the consumption of three or fewer

cups of alcohol per day, or the consumption of more than three cups per day.

This study was performed according to the protocol approved by Institutional 

Review Board of Asan Medical Center (2021-0681).

Immunohistochemistry

IHC analysis for p53 and Ki-67 was performed. Immunohistochemical staining 

was performed using an automated staining system (BenchMark XT, Ventana 

Medical Systems, Tucson, AZ, USA) with antibodies for p53 (clone DO-7, DAKO,

Glostrup, Denmark, 1:1000) and Ki-67 (clone MIB1, DAKO, Glostrup, Denmark, 

1:200). 

The IHC results were assessed using methods proposed by Sawada et al (9). 

They analyzed correlation between TP53 genetic alteration and p53 expression 

pattern by NGS, FISH, and IHC. The IHC results for p53 were classified into four 

patterns: pattern NM (Normal), pattern BP (Basal and Parabasal), pattern HI 

(High), and pattern LS (Loss). The representative cases were shown in Fig. 2. In

the pattern NM (Fig. 2A) and BP (Fig. 2B), the cells immunoreactive for p53 were 

restricted to basal and parabasal layers which is similar to expression pattern of 

normal epithelium. There was cutoff value at 50% positivity for p53 to 

discriminate patterns NM and BP (NM <50%; BP ≥50%). If the cells are 

immunoreactive for p53 extended beyond the basal and parabasal layers to the 

superficial layer, the pattern HI was determined (Fig. 2C). The pattern LS was a 
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complete loss of expression for p53 in the lesion (Fig. 2D). For SqCC, the basal 

layer was regarded as the peripheral cells of the invasive carcinoma nest, the 

parabasal layer corresponded to the upper layer of the peripheral cells, and the 

superficial layer corresponded to layers above the two layers (Fig. 4A-C).

The IHC staining results for Ki-67 were also categorized in the way described 

above except pattern LS which was not found in Ki-67 IHC. Unlike the results of 

p53, loss of expression for Ki-67, regarded as the pattern LS, was not identified

(Fig. 3, 4D-E).

Figure 1. The representative images of squamous epithelial lesions. A. Non-dysplasia 

(ND), 10X. B. Low grade dysplasia (LGD), 20X. C. High grade dysplasia (HGD), 20X. D. 

Squamous cell carcinoma (SqCC), 10X.
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Figure 2. p53 IHC staining patterns. Representative results of p53 IHC staining. A. 

Pattern NM: p53-positive cells are distributed in the basal or parabasal layer (<50% of 

cells in basal or parabasal layer) B. Pattern BP: p53-positive cells are widely distributed in 

the basal or parabasal layer (≥50%). C. Pattern HI: p53-positive cells are diffusely located 

in more than three layers. D. Pattern LS: the lesion is immunonegative for p53. Images 

are viewed at a magnification of 10X (A&B) and 20X (C&D). IHC, immunohistochemistry.
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Figure 3. Ki-67 IHC staining patterns. Representative results of Ki-67 IHC staining. A. 

Pattern NM: Ki-67 positive cells are distributed in the basal or parabasal layer (<50% of 

cells in basal or parabasal layer) B. Pattern BP: Ki-67 positive cells are widely distributed 

in the basal or parabasal layer (≥50%). C&D. Pattern HI: Ki-67-positive cells are diffusely 

located in more than three layers. Images are viewed at a magnification of 10X (A&B) 

and 20X (C&D). IHC, immunohistochemistry.

Figure 4. p53 and Ki-67 IHC staining patterns of SqCC. Representative results of p53 

IHC staining (A-C). A. Pattern BP. B. Pattern HI. C. Pattern LS. C&D. Representative results 

of Ki-67 IHC staining (D-E).  D. Pattern NM. E. Pattern BP. F. Pattern HI. Images are 

viewed at a magnification of 5X. SqCC, squamous cell carcinoma. IHC, 

immunohistochemistry.

DNA extraction

Genomic DNA was extracted from the SqCC component in formalin-fixed 
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paraffin-embedded tissue (FFPE) samples after review of the matched 

hematoxylin/eosin-stained slides from each FFPE tissue section. Each tissue was 

deparaffinized with xylene and ethanol, and genomic DNA was isolated using 

NEXprep FFPE Tissue Kit (#NexK-9000; Geneslabs, Seongnam, Korea), in 

accordance with the manufacturer’s recommendations. The tissue pellet was 

lysed completely during incubation with proteinase K in lysis buffer overnight at 

56°C and further incubated for 3 min with magnetic beads and solution A at 

room temperature. After incubation for 5 min on a magnetic stand, the 

supernatant was removed and the beads were rinsed three times with ethanol. 

The beads were dried for 5 min, and the DNA was eluted in 50 μl of DNase-free

and RNase-free water and quantified with a Quant-iT PicoGreen dsDNA Assay Kit 

(Invitrogen, Carlsbad, CA, USA).

Targeted NGS

Targeted NGS was conducted on the MiSeq platform (Illumina, San Diego, CA, 

USA) with OncoPanel AMC version 4.0 for capture of the exons of 323 cancer-

related genes [225 genes for single nucleotide variation (SNV) / insertion and 

deletion (INDEL) and copy number variation (CNV)] and partial introns from six

genes that are commonly rearranged in cancer (23). Additional information about 

our in-house panel has been described elsewhere (24, 25).

Bioinformatics analysis

Sequenced reads were aligned to the human reference genome (NCBI build 

37) with the Burrows–Wheeler Aligner (0.5.9) (26). Demultiplexing was conducted 

with Mark Duplicates of the Picard package to remove polymerase chain reaction

duplicates from the aligned read (http://broadinstitute. github.io/picard). 
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Deduplicated reads were realigned at known indel positions with GATK 

IndelRealigner (27). Base qualities were then recalibrated with GATK Table

Recalibration. Somatic variant calling for single‐nucleotide variants and short 

indels was conducted with MuTect (1.1.7) (28) and Somatic Indelocator in GATK, 

respectively. Common germline variants from candidates of somatic variants were 

filtered out with common dbSNP (build 141; found in ≥1% of samples) (29). 

Ultimate somatic variants were annotated with Variant Effect Predictor 

(version79) (30) and converted to MAF files with vcf2 maf 

(https://github.com/mskcc/vcf2maf). Somatic mutation signatures were inferred 

with the R package (31). Significantly mutated genes were identified with 

MutSig2CV (32). Somatic mutations were loaded and plotted in local 

cBioPortal (33). Copy number analyses were performed with CNVkit (34). 

Establishment of decision tree model

To construct a predictive model to distinguish squamous epithelial lesions, a 

decision tree model was constructed using the decision tree model algorithm in 

party package of R program; on R-4.1.3, caret-6.0.19. This algorithm selects a 

variable and divides into two groups until each impurity is minimized based on 

information gain. K-Fold cross validation was used to evaluate the decision tree 

models (35). The data was divided to train with probability of 0.7 (84 cases of 

train set) and validation set with probability of 0.3 (34 cases of test set). The 

training set was trained on the module of rpart method in caret package. The 

diagnostic ability of predictor model was evaluated by the accuracy, the area 

under the receiver operating characteristic curve (AUC), sensitivity, and specificity.

Statistical analysis
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Statistical analysis was conducted using R program (version 4.1.3, The R 

Foundation for Statistical Computing). Spearman correlation between p53 and Ki-

67 expression pattern was computed. I grouped squamous epithelial lesions (ND, 

LGD, HGD, and SqCC) into two groups (ND and LGD; HGD and SqCC) and used 

Pearson chi-squared test. Univariate and multivariate logistic regression analyses 

were performed to compare the two groups. The results are shown as odds 

ratios (OR) with 95% confidence intervals (95% CI). Wilcoxon rank sum test was 

computed for comparing the average of two groups. To determine the optimal 

cut-off value, accuracy, AUC, sensitivity, and specificity were computed. Cohen 

kappa coefficient was conducted to evaluate the interobserver variability. Kaplan–

Meier curve and log-rank test were conducted to evaluate the univariate 

association between p53 expression patterns and recurrence. Statistical 

significance was defined as a P value < 0.05.
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Results

Clinicopathologic features

The clinicopathologic features of the 107 patients (114 cases) are summarized in 

Table 1. The patients comprised 91 (79.8%) men and 23 (20.2%) women with 

mean age of 62.4 years (median, 64.0 years; range, 23–84 years). Fifty-four cases

were laryngeal epithelial lesions, and 60 cases were oral epithelial lesions. Of the 

total 114 cases, 26 (22.8%) cases were diagnosed with ND, 33 (28.9%) with LGD, 

26 (22.8%) with HGD, and 29 (25.4%) with SqCC. Five of eight patients whose 

specimens were obtained more than twice had the same diagnosis, except for

three patients.

When immunohistochemical results for p53 were analyzed, pattern NM which 

was similar with the staining pattern of normal epithelial lesion was detected in 

21 of 26 cases (80.8%) of ND, while pattern NM was detected in six of 33 cases 

(18.2%) with LGD, three of 26 cases (11.5%) HGD, and was not detected in SqCC, 

respectively. Although pattern HI was significantly related with TP53 mutation

confirmed by Sawada et al. (9), it was detected in one of 26 cases (3.8%) in ND.

Interestingly pattern HI and LS were detected in 17 of 33 cases (51.5%) with LGD, 

22 of 26 cases (84.6%) in HGD, and 27 of 29 cases (93.1%) in SqCC. In brief, 

pattern NM appears most frequently in normal, and the frequency of this pattern 

decreases as the degree of dysplasia increases, whereas in pattern HI and LS, the 

frequency of this pattern increases as the degree of dysplasia increases.

The IHC staining results for Ki-67 was also analyzed by the same method as p53.

In a total of 114 cases, pattern NM was detected in ten cases (8.8%), pattern BP 

was detected in 40 cases (35.1%), and pattern HI was detected in 64 cases 

(56.1%). Pattern NM or BP were detected in 24 of 26 cases (92.3%) in ND, 14 of 
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33 cases (42.4%) in LGD, three of 26 cases (11.5%) in HGD, and 10 of 29 cases 

(34.5%) in SqCC. Pattern HI was detected in two of 29 cases (7.7%) in ND, but 

increased to 19 of 33 cases (57.6%) in LGD, 23 of 26 cases (88.5%) in HGD, and 

19 of 29 cases (65.5%) in SqCC. There was very weak linear relationship between

p53 and Ki-67 expression patterns (Spearman’s correlation coefficient value =

0.39; P < 0.001) 

Table 1. Clinicopathologic features of cases.

ND
(N=26)

LGD
(N=33)

HGD
(N=26)

SqCC
(N=29)

Overall
(N=114)

Age (yr)

Mean (SD) 57.1 (9.78) 63.0 (10.4) 66.4 (8.97) 62.9 (14.6) 62.4 (11.5)

Gender

Male 23 (88.5%) 25 (75.8%) 19 (73.1%) 24 (82.8%) 91 (79.8%)

Female 3 (11.5%) 8 (24.2%) 7 (26.9%) 5 (17.2%) 23 (20.2%)

Location

Larynx 9 (34.6%) 21 (63.6%) 15 (57.7%) 9 (31.0%) 54 (47.4%)

Oral cavity 17 (65.4%) 12 (36.4%) 11 (42.3%) 20 (69.0%) 60 (52.6%)

Tobacco use

Non-smoker 9 (34.6%) 9 (27.3%) 11 (42.3%) 11 (37.9%) 40 (35.1%)

≤ 3 drinks per day 6 (23.1%) 14 (42.4%) 8 (30.8%) 7 (24.1%) 35 (30.7%)

＞3 drinks per day 11 (42.3%) 10 (30.3%) 7 (26.9%) 11 (37.9%) 39 (34.2%)

Alcohol consumption

No history 8 (30.8%) 16 (48.5%) 16 (61.5%) 15 (51.7%) 55 (48.2%)

≤ 3 drinks per day 6 (23.1%) 9 (27.3%) 3 (11.5%) 7 (24.1%) 25 (21.9%)

＞3 drinks per day 12 (46.2%) 8 (24.2%) 7 (26.9%) 7 (24.1%) 34 (29.8%)

BMI

Mean (SD) 23.2 (2.82) 25.0 (3.36) 24.0 (4.30) 23.1 (4.59) 23.9 (3.86)

DM

Yes 8 (30.8%) 7 (21.2%) 8 (30.8%) 8 (27.6%) 31 (27.2%)

No 18 (69.2%) 26 (78.8%) 18 (69.2%) 21 (72.4%) 83 (72.8%)

p53

Pattern NM 21 (80.8%) 6 (18.2%) 3 (11.5%) 0 (0%) 28 (24.6%)
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Pattern BP 4 (15.4%) 10 (30.3%) 1 (3.8%) 2 (6.9%) 19 (16.7%)

Pattern HI 1 (3.8%) 13 (39.4%) 17 (65.4%) 22 (75.9%) 53 (46.5%)

Pattern LS 0 (0%) 4 (12.1%) 5 (19.2%) 5 (17.2%) 14 (12.3%)

Ki-67

Pattern NM 6 (23.1%) 2 (6.1%) 0 (0%) 2 (6.9%) 10 (8.8%)

Pattern BP 18 (69.2%) 12 (36.4%) 3 (11.5%) 8 (27.6%) 40 (35.1%)

Pattern HI 2 (7.7%) 19 (57.6%) 23 (88.5%) 19 (65.5%) 64 (56.1%)

ND: non-dysplasia; LGD: low grade dysplasia; HGD: high grade dysplasia; SqCC: 

squamous cell carcinoma; SD: standard deviation; DM: diabetes mellitus.

Logistic regression analysis for differentiation of two groups: ND or LGD, 

HGD or SqCC

Given the low risk of malignant transformation in LGD, squamous epithelial 

lesions were divided into two groups: group 1 (ND or LGD) and group 2 (HGD or

SqCC) (36, 37). When two groups were compared on the basis of their 

clinicopathologic characteristics, the expression patterns of p53 (P < 0.001) and 

Ki-67 (P < 0.001) were significantly different (Table 2).

The univariable and multivariable logistic regression analysis of the p53 and Ki-

67 expression patterns was conducted to develop a predictive model, and the 

results are summarized in Table 3. Univariable analysis revealed that the patterns 

HI (OR: 18.00, 95% CI = 4.28-75.69, P < 0.001) and LS (OR: 9.00, 95% CI = 1.55-

52.27, P = 0.014) were significant predictors of group 2. The pattern HI of Ki-67 

(OR: 18.86, 95% CI = 2.15-165.28, P = 0.008) was also significantly associated 

with group 2. 

Multivariate analysis revealed that the pattern HI (OR: 8.68, 95% CI = 1.84-40.98, 

P = 0.006) and LS (OR: 7.66, 95% CI = 1.12-52.53, P = 0.038) were significantly 
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related with group 2. The pattern HI of Ki-67 (OR: 10.63, 95% CI = 1.00-112.41, 

P = 0.049) was also significantly associated with group 2. 

Table 2. Comparison of two groups: LD or LGD and HGD or SqCC.

ND: non-dysplasia; LGD: low grade dysplasia; HGD: high grade dysplasia; SqCC: squamous cell 

carcinoma; SD: standard deviation.  

ND & LGD
(%) (n= 59)

HGD & SqCC
(%) (n= 55) P value

P53 <0.001

Pattern NM 25 (42.4) 3 (5.5)

Pattern BP 16 (27.1) 3 (5.5)

Pattern HI 14 (23.7) 39 (70.9)

Pattern NS 4 (6.8) 10 (18.2)

Ki-67 <0.001

Pattern NM 8 (13.6) 2 (3.6)

Pattern BP 30 (50.8) 10 (18.2)

Pattern HI 21 (35.6) 43 (78.2)

Gender 0.851

Male 48 (81.4) 43 (78.2)

Female 11 (18.6) 12 (21.8)

Age (mean (SD)) 60.39 (10.50) 64.53 (12.29) 0.055

Location 0.560

Larynx 30 (50.8) 24 (43.6)

Oral cavity 29 (49.2) 31 (56.4)

Tobacco use 0.547

Non-smoker 18 (30.5) 22 (40.0)

Former smoker 20 (33.9) 15 (27.3)

Current smoker 21 (35.6) 18 (32.7)

Alcohol consumption 0.245

No history 24 (40.7) 31 (56.4)

≤ 3 drinks per day 15 (25.4) 10 (18.2)

＞3 drinks per day 20 (33.9) 14 (25.5)

BMI 24.22 (3.24) 23.54 (4.43) 0.349

DM 0.819

Yes 15 (25.4) 16 (29.1)

No 44 (74.6) 39 (70.9)
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Table 3. Univariable and multivariable analysis of p53 and Ki-67 for predicting HGD 

and SqCC.

Univariable Multivariable

OR (95% CI) P value OR (95% CI) P value

P53

Pattern BP 1.64 (0.28-9.58) 0.846 1.77 (0.27-11.60) 0.551

Pattern HI 18.00 (4.28-75.69) < 0.001 8.68 (1.84-40.98) 0.006

Pattern LS 9.00 (1.55- 52.27) 0.014 7.66 (1.12-52.53) 0.038

Ki-67

Pattern BP 2.00 (0.20-19.91) 0.554 2.70 (0.22-32.92) 0.437

Pattern HI 18.86 (2.15-165.28) 0.008 10.63 (1.00-112.41) 0.049

OR: odds ratio; CI: confidence interval; HGD: high grade dysplasia; SqCC: squamous cell carcinoma.

Development for scoring system based on logistic regression analysis

Based on logistic regression analysis, a scoring system as a predictive model 

was developed using the p53 and Ki-67 expression patterns (Table 4). Fig 5

presents the relative importance of each variable in the logistic regression 

analysis. According to variable importance, the p53 expression pattern score was 

0, 2, or 3 for pattern NM or BP, pattern LS, or pattern HI, respectively. The score

of Ki-67 expression pattern was 0 or 1 for pattern NM or BP, and pattern HI, 

respectively. 

The mean scores of two groups between ND & LGD and HGD & SqCC were 

1.17 ± 0.241 and 3.23 ± 0.206, respectively (Fig. 4). Between two groups, there 

was a statistically significant difference and clearly, the HGD & SqCC groups 

showed high scores (P < 0.001). 

On test data, comparisons of the classification efficiency of developed predictive 

models with various cut-off values were conducted (Table 5). When the cut-off 

value was set to two points, the accuracy, sensitivity, and specificity were 0.846, 
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0.706, and 1.000, respectively, which were the most efficient values (P < 0.001). 

The AUC of cut-off 2 was the largest (0.853, P < 0.001), which was consistent 

with previous analysis.

Figure 5. Variable importance in logistic regression analysis. 

Table 4. Parameters and scoring points of scoring system.

Points scored

P53 expression pattern

Pattern NM 0

Pattern BP 0

Pattern HI 3

Pattern LS 2

Ki-67 expression pattern

Pattern NM 0

Pattern BP 0

Pattern HI 1

Total maximum score 4
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Table 5. Comparisons of the classification efficiency of the two cut-off points

Cut-off Accuracy 95% CI AUC Sensitivity Specificity P

2 0.846 0.681-0.949 0.853 0.706 1.000 < 0.001

3 0.818 0.645-0.930 0.822 0.706 0.937 < 0.001

CI: confidence interval; AUC: The area under receiver operating characteristic curve.

Figure 6. The mean and AUC of two groups for a scoring system: ND or LGD, HGD or 

SqCC. A. The mean scores of two groups are 1.41 ± 0.250 and 3.23 ± 0.206 (mean ±

S.E.M) respectively (P < 0.001). B. The receiver operating characteristic (ROC) curves for 

two cut-off values were analyzed. ND: non-dysplasia; LGD: low grade dysplasia; HGD: high 

grade dysplasia; SqCC: squamous cell carcinoma; AUC, The area under ROC curve.

Decision tree analysis

Constructed decision tree model using 81 cases of training set proposed p53 as 

the most important markers for differentiating group 1 and group 2 (Fig. 5A). 

When p53 expression is pattern NM or BP, the lesion was classified as ND or LGD 
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(29/35, 82.9%). The squamous epithelial lesion expressing pattern HI or LS for 

p53 was classified as HG or SqCC (33/46, 71.7%). The accuracy and AUC were 

84.9% and 0.85, respectively.

The cohort was reclassified into three categories: non-dysplasia (ND), LGD, and 

the aforementioned group, group 2 with HGD or SqCC. For the aim of 

differentiating ND, LGD, group 2 including HGD or SqCC, decision tree model 

constructed using the training set suggested that p53 and Ki-67 were important 

markers (Fig. 5B). When differentiating epithelial lesions into three groups, the 

most critical marker was the p53 expression pattern, and lesions were classified 

first according to their p53 expression pattern. Among lesions expressing the 

pattern NM or BP for p53 (35 cases), 18 cases showed pattern NM or BP for Ki-

67 and were classified as ND (18/25, 72%). The lesion showed pattern NM or BP 

for p53 and pattern HI for Ki-67 and were classified as LGD (6/10, 60%). The

lesions expressing the pattern HI, or LS for p53 were classified as group 2 

including HGD or SqCC (34/47, 72.3%). The accuracy and AUC were 75% (P =

0.004) and 0.87, respectively, according to the internal validation.

Figure 7. Decision tree models to differentiate epithelial lesion. A. A decision tree 
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model to differentiate two groups: group 1 (ND or LGD) and group 2 (HGD or SqCC). B. 

A decision tree model to differentiate ND, LGD, and group 2 (HGD or SqCC). ND, not-

dysplasia; LGD, Low grade squamous dysplasia; HGD, High grade squamous dysplasia; 

SqCC, squamous cell carcinoma; D, squamous dysplasia; NM, pattern NM; BP, pattern BP; 

HI, pattern HI; LS, pattern LS.

Interobserver variability in diagnosis

The interobserver variability for a pair of raters (J.S.S versus J.S.J) was conducted 

using the Cohen Kappa statistic. The results for interobserver variability with

diagnosis based on H&E slide and the integrated diagnosis using H&E slide and 

IHC for p53 and Ki-67 are present in Table 6. The correlation was substantial for 

diagnosis based on H&E slides (weighted kappa 0.80, unweighted kappa 0.67). 

The integrated diagnosis had a better correlation with near perfect agreement 

(weighted kappa 0.92, unweighted kappa 0.88). Five cases initially diagnosed as 

LGD on the H&E slide were changed to HGD on the integrated diagnosis using 

IHC for p53 and Ki-67 (Fig. 6). The IHC for p53 and Ki-67 assisted the binary 

grading of epithelial lesions with intermediate atypia.

Table 6. Kappa scores for diagnosis based on H&E slide and the integrated diagnosis

(95% confidence interval)

kappa

Diagnosis based on H&E slide The integrated diagnosis

Unweighted 0.67 (0.57-0.77) 0.88 (0.81-0.95)

Weighted 0.80 (0.74-0.86) 0.92 (0.87-0.96)
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Figure 8. Changes between diagnosis based on H&E slide and the integrated 

diagnosis. LGD, Low grade squamous dyplasia; HGD, High grade dysplasia; SqCC, 

squamous cell carcinoma.

TP53 mutational analysis and correlation with p53 expression

TP53 mutations were detected using NGS in 16 cases of SqCC (Table 6). Three

cases harbored two mutations, for a total of 19 mutations. The most frequent 

mutation was missense mutation (11/19, 57.9%), followed by frameshift mutation 

(4/19, 21.1%), nonsense mutation (3/19, 15.8%), and splicing site mutation (1/19, 

5.3%). Most of these mutations were located in DNA-binding domain (17/19, 

89.5%), but one mutation was in N-terminal domain (1/19, 5.3%) and another

mutation was in C-terminal domain (1/19, 5.3%).

TP53 mutation analysis was integrated with p53 and Ki-67 expression analysis to

develop a comprehensive genomic profile (Fig. 6). In total, 16 cases showed 
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patterns BP, HI, and LS, but not NM. Fifteen of 16 cases (93.8%) exhibited pattern 

HI or LS. Five of five cases (100%) expressing pattern LS for p53 had nonsense or 

frameshift mutation. Nine of ten cases (90%) exhibiting pattern HI for p53 had 

missense mutation.

Figure 9. comprehensive TP53 genomic profile of SqCC. The expression patterns of 

p53 and KI-67 and mutation types of TP53 are colored by the column indicated in the 

left lower side.

Table 7. TP53 mutation in SqCC.

Case

No.

Amino acid

Alteration

Type Allele 

frequency

P53 expression 

pattern

Ki-67 expression 

pattern

1 C176F SNV 0.81 HI HI

5 X307_splice alteration DEL 0.23 HI BP

6 K139Afs*4 DEL 0.59 LS HI

7 Y205C SNV 0.86 HI BP

10 D259N SNV 0.35 HI HI
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MA160IS DNP 0.66

12 R158H SNV 0.74 BP BP

13 P190Lfs*57 DEL 0.62 LS HI

14 R273H SNV 0.56 HI BP

16 D48Gfs*4 INS 0.57 LS HI

17 R175H SNV 0.11 HI HI

23 R273H SNV 0.33 HI HI

25 C229* INS 0.05 LS BP

28 R248Q SNV 0.21 HI HI

R196* SNV 0.29

29 P278L SNV 0.32 HI BP

R267Efs*4 DEL 0.16

30 R280* SNV 0.50 LS NM

NM: pattern NM; BP: pattern BP; HI: pattern HI; LS: pattern LS.

Prognosis of HGD and SqCC according to p53 expression patterns 

Disease free survival (DFS) according to the expression patterns of p53 was 

evaluated in patients first diagnosed with HGD or SqCC (Fig. 7). In SqCC, the

average follow-up period was 16.7 months (range: 2-34 months). Twelve of 19 

cases (63.2%) recurred following treatments. Although there was also no 

statistically significant difference in DFS according to p53 expression patterns,

there was a tendency for recurrence when the lesion showed the pattern LS or HI

for p53 (P = 0.14). In HGD, the average follow-up period was 16.3 months 
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(range: 0-29 months). Two of 18 cases (11.1%) recurred HGD and one case (5.6%)

progressed to SqCC following treatments. As with SqCC, there was no statistical 

difference, but there was a tendency for recurrence when the lesion showed the

pattern LS or HI for p53 (P = 0.24).

Figure 10. Disease free survival of SqCC and HGD according to p53 expression

patterns. A. DFS of SqCC (P = 0.14). B. DFS of HGD (P = 0.24). DFS: disease free survival; 

SqCC: squamous cell carcinoma; HGD: high grade dysplasia.
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Discussion

The scoring system and decision tree models were developed to differentiate 

oral and laryngeal epithelial lesions using IHC for p53 and Ki-67. In logistic

regression analysis and decision tree models constructed to differentiate two 

groups of epithelial lesions (ND or LGD versus HGD or SqCC), p53 is a critical 

marker. The epithelial lesions with pattern HI or LS for p53 can be classified as 

HGD or SqCC. If the epithelial lesions with ambiguous cytological and 

architectural atypia to diagnose with HGD or SqCC express the pattern HI or LS 

for p53, it is recommended to diagnose HGD or SqCC.

Evaluation of p53 expression pattern is one of the most frequently suggested

method to overcome the limitations inherent in diagnosing dysplasia solely 

based on morphologic findings. In recent large studies, TP53 mutations are most 

frequently detected in HNSCC, including the oral cavity and larynx. As a founder 

event, the TP53 mutation is regarded as an early step in carcinogenesis (1, 2).

Sawada et al. confirmed pattern HI and LS were significantly associated with 

TP53 mutations, especially missense and nonsense mutations, respectively, which

was consistent with this study (Fig. 6). Six of 14 oral squamous cell dysplasia 

cases with pattern HI or LS had TP53 mutation and progressed to SqCC without 

further treatment (9).

Since the methods for analyzing p53 IHC varied between studies, it was

difficult to compare the results of this study to those of the previous studies. In 

previous research analyzing p53 expression patterns in oral epithelial dysplasia,

there were three p53 expression patterns: basal pattern, limited p53-positive cells 

in the basal layer which similar to patterns NM and BP; negative pattern, loss of 

expression for p53 which similar to pattern LS; and suprabasal, similar to pattern 

HI. Oral epithelial dysplasia expressing negative or suprabasal patterns for p53 
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were associated with progression to SqCC as compared to basal pattern for p53

(38). SqCC immunopositive for p53 was significantly associated with recurrence in 

other study that analyzed p53 expression using a cutoff value of 10% (39). In this 

study, there was a tendency for recurrence when the lesion showed the pattern 

LS or HI for p53.

Whereas Sawada et al. used antibody against p53, PAb 1801, the data obtained 

from this study using DO-7 are comparable with theirs. Because both antibodies 

recognize the N-terminal region of p53 and mutations in this region are rare, 

both antibodies react with p53 protein regardless of mutations. Furthermore, 

several studies have demonstrated that there is no significant difference in the

sensitivity and specificity of the two antibodies (40, 41), as well as no difference

in the presence or absence of staining regardless of the TP53 mutation (40).

Proliferating cells immunoreactive for Ki-67 as a proliferating marker are 

restricted to the basal and parabasal layer and mainly the parabasal layer in 

normal oral and laryngeal epithelium due to the asymmetric cell division of the 

epithelial stem cell located in the basal layer. Because of the loss of asymmetric 

cell division, the functions of stem cells are altered, and stem cells are replaced 

by proliferating cells, which increase in number not only in the parabasal layer, 

but also in the basal and suprabasal layers in epithelial dysplasia (21). Ki-67 

labeling index was proposed as a diagnostic marker due to its ability to detect

structural alteration in the distribution of proliferating cells and stem cells in 

epithelial dysplasia (19, 21, 42).

Previous studies have revealed different results regarding the relationship 

between the Ki-67 labeling index (LI) and epithelial dysplasia and SqCC. In some 

studies, the Ki-67 LI increases according to the degree of epithelial dysplasia and 

SqCC (19, 21). Birajdar et al, on the other hand, compared the average of oral 
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epithelial lesions by Ki-67 LI and observed that the average of HGD was 

significantly greater than that of SqCC. In well-differentiated SqCC, mitosis was

frequently observed in peripheral lesions that were less differentiated, and there 

were more proliferating cells immunoreactive for Ki-67 in the peripheral lesions 

than in the center, which was highly differentiated and capable of keratinization.

The more advanced degree of dysplasia, more cells immunopositive for Ki-67 

were observed in the central portion of lesion (42). Although the mean of Ki-67 

LI was not analyzed, the frequency of pattern HI was greater in HGD than in

SqCC.

Because the increased number of Ki-67 positive cells in suprabasal layer

according to the degree of the epithelial dysplasia, the expression pattern of Ki-

67 rather than the Ki-67 LI was used to intuitively evaluate the altered 

architecture of proliferating cells and stem cells. Ki-67 was not a significant 

marker to differentiate two groups: non-dysplasia or LGD, HGD or SqCC. However, 

in another decision tree model to differentiate three groups of epithelial lesions

(ND, LGD, and group 2 including HGD or SqCC), Ki-67 is an important diagnostic 

marker.

The cases which had pattern HI for Ki-67 and pattern NM or BP for p53 

included one case of ND, ten cases of LGD, and three cases of HGD. The 

frequency of pattern HI for Ki-67 increased with HGD and SqCC, and the 

relationship between p53 and Ki-67 was very weakly linear. When epithelial 

lesions have pattern HI for Ki-67 and pattern NM or BP for p53, totaling 1 point, 

and equivocal morphological atypia, it is recommended to diagnose as “epithelial

lesion of unknown significance” rather than “reactive lesion” for conducting re-

biopsy or longer follow-up.

There were seven cases of LGD, one case of HGD, and two cases of SqCC which 
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had pattern NM or BP for p53 and Ki-67. In one of the discrepancy cases, the 

presence of architectural atypia, including an abnormally located keratin pearl,

and mild cytologic atypia supported the diagnosis of LGD, despite the decision 

tree model classifying the LGD case as ND (Fig. 8). The assessment was restricted 

due to the fragmented and small biopsy specimen. Following excisional biopsy, 

SqCC was identified, suggesting that the discrepancy between the first and 

second biopsies was likely due to the fragmented and small specimen and

sampling error.

There were one case of ND and three cases of HGD with pattern NM or BP for 

p53 and pattern HI for Ki-67. In ND case, the lesion showed the cytologic and 

architectural changes including minimally increased nuclei and basal hyperplasia

(Fig. 9). However, the presence of a prominent nucleoli with smooth nuclear 

membrane and intraepithelial inflammation suggested that the inflammation

resulted in these changes. In the HGD case, despite the discrepancy with the 

decision tree model, cytologic and architectural atypia were evident, supporting

the diagnosis (image not shown).

Eighteen cases of LGD and two cases of ND had pattern HI or LS for p53 and 

were classified as HGD or SqCC by the scoring system and decision tree models. 

In one of LGD cases, atypical cells with mild pleomorphism occupied in lower 

half of the epithelium, insufficient to diagnose HGD (Fig. 10). In one of ND cases, 

there was no cytologic and architectural atypia, despite the results of p53 IHC 

(Fig. 11). All ND cases with discrepancies showed pattern HI, while pattern LS was 

absent.

Despite the discrepancy between the diagnosis based on histologic criteria and 

classification by the scoring system and decision tree models, the integrated 

diagnosis using morphologic features and IHC for p53 and Ki-67 improved 
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correlation and agreement. In the past decades, many histologic-based grading

systems for squamous intraepithelial lesions have been proposed to improve

diagnositc reproducibility and accuracy. However, the WHO 2017 diagnostic 

criteria for laryngeal epithelial dysplasia cannot cleary distinguish LGD from basal

hyperplasia (43). Oral epithelial lesion interpretation remained difficult and 

interobserver variability persisted, due to the complexity of the WHO 2017 

classification's grading system for oral epithelial dysplasia (14, 16, 17, 43). The 

integrated diagnostic system combining histologic feautures and IHC for p53 and 

Ki-67 aid more accurate diagnosis and improve reproducibility.

Figure 11. The first case of discrepancy between diagnosis based on H&E slide and 

classification by decision tree model. A. morphologic features of oral epithelila lesion 

(H&E slide, 10X), B. Pattern NM for p53 (10X). C. Pattern Base for Ki-67 (10X).
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Figure 12. The second case of discrepancy between diagnosis based on H&E slide

and classification by decision tree model. A & B. morphologic features of laryngeal 

epithelial lesion (H&E slide, A. 10X; B. 20X), B. Pattern NM for p53 (10X). C. pattern HI for 

Ki-67 (10X).

Figure 13. The third case of discrepancy between diagnosis based on H&E slide and 

classification by decision tree model. A & B. morphologic features of oral epithelial 

lesion (H&E slide, A. 10X B. 20X), B. Pattern HI for p53 (10X). C. pattern HI for Ki-67 (10X).
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Figure 14. The fourth case of discrepancy between diagnosis based on H&E slide and 

classification by decision tree model. A & B. morphologic features of oral epithelial 

lesion (H&E slide, A. 10X; B. 20X), B. Pattern HI for p53 (10X). C. pattern HI for Ki-67 (10X).

In a few cases, morphological findings alone are insufficient to explain the 

biological behavior of the lesion. There have been reports that lesions of benign 

hyperkeratosis progressed to invasive SqCC in 1% to 30% of cases (44-47).

Proliferative verrucous leukoplakia, which has a 70% probability of progressing 

malignancy, may show hyperkeratosis with minimal to no atypia (48, 49). It was

proposed to diagnose lesion that is not reactive but does not have cytological 

atypia as "keratosis of unknown significance (KUS)" rather than reactive epithelial 

change (50). Genetic alteration in KMT2C (75%) and TP53 (35%) were detected in 

oral epithelial dysplasia and KUS, supporting the hypothesis that KUS is initial 

event of development of SqCC (51).

However, interobserver variability is to be expected, because KUS is diagnosed 

by morphological criteria. Objective information provided by IHC markers such as 

p53 and Ki-67 may be required. It is suggested that analyzing the p53 and Ki-67 
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expression patterns in KUS will improve diagnostic accuracy and the predictive 

model for differentiating ND, D, and SqCC.

There are several limitations of this study. First, the study cohort was small and 

constituted of only one institution. Although the performance of predictor 

models developed by decision tree algorithm was good, it could be due to its 

small size. Additionally, the predictor model may be overfitted in this study 

cohort. Further research in a larger study may be necessary for optimizing and 

external validation of the decision tree model. Second, because most patients 

diagnosed ND or LGD were not followed up, the prognosis of ND or LGD could 

not be assessed according to the expression patterns of p53 or Ki-67. Third, the

NGS was performed on some SqCC cases, not on the entire cohort that 

developed the scoring system and decision tree models.

Conclusion

The correlation between the TP53 mutation and the expression patterns of p53 

was confirmed and the predictive models of diagnosis was developed. Therefore, 

the scoring system based on p53 and Ki-67 expression patterns aids the 

differentiation of epithelial lesions, especially when the morphologic features are

ambiguous.
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국문요약

연구배경 및 목적

구강 및 후두 상피 병변은 WHO 의 조직학적 진단 기준에 따라 진단하는데 이는

진단의 병리의사 간 변동성을 유발할 수 있다. 상피 병변의 조직학적 소견이 모호한

경우 진단에 도움이 될 수 있는 면역조직화학검사를 기반한 통합 진단 접근법이

필요하다.

연구재료와 연구방법

서울아산병원에서 2018-2021 년 사이에 수술적 치료 또는 조직 검사를

받은 104 명의 환자의 구강과 후두 조직 114 례를 대상으로 하였다. p53 과 Ki-67 을

이용한 면역조직화학검사를 시행하였다. 로지스틱 회귀 분석과 결정 나무

알고리즘을 사용하여 상피 병변을 진단하기 위한 점수 체계와 예측 모형을

개발하였다. 관찰자 간 변동성을 평가하기 위해서 코헨 카파 상관계수 분석을

시행하였다. 차세대 염기 서열분석과 면역조직화학검사를 통해 TP53 돌연변이와

p53 의 발현 유형 간의 관련성을 분석하였다.

연구결과

p53 에 대한 두 가지 발현 유형인 확산 발현 유형 (pattern HI)과 발현이 소실된

유형 (pattern LS), Ki-67 에 대한 pattern HI 는 고등급 이형성증 (HGD) 또는

편평세포암 (SqCC)과 통계적으로 유의하게 연관되었다. 상피 병변을 비이형성 (ND)

또는 저등급 이형성증 (LGD), HGD 또는 SqCC 의 두 집단으로 분류한 후 p53 과 Ki-

67 의 면역조직화학검사 결과에 기반한 점수 체계로 상피 병변을 분류하였을 때

정확도와 the area under a receiver operating characteristic curve (AUC) 이 각각

84.6%와 0.85 이었다. p53 과 Ki-67 의 발현 유형을 이용한 의사 결정 나무 모형은
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상피 병변을 ND, LGD, SqCC 또는 HGD 를 포함한 집단으로 분류하였고, 정확도와

AUC 가 75%와 0.87 이었다. 두 병리의사간 진단 일치율을 비교하였을 때, 조직학적

소견과 면역조직화학검사 결과를 이용한 통합 진단에서 거의 완벽한 일치를 보였다

(가중 카파 계수 0.92, 비가중 카파 계수 0.88). p53 에 대한 pattern HI 와 LS 는 각각

missense mutation 과 nonsense/frameshift mutation 과 상관관계가 있었다.

결론

TP53 돌연변이와 p53 의 발현 유형 사이의 상관관계를 확인하고 진단의 예측

모형을 개발하였다. 따라서 구강과 후두의 상피 병변의 조직학적 소견이 모호한

경우, p53 과 Ki-67 발현 유형에 기반한 점수 체계는 상피 병변의 진단하는 시

도움을 줄 수 있다.
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