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Objectives: This study aimed to examine Ki-67’s correlationwith clinicopathological

characteristics of head and neck squamous cell carcinoma (HNSCC), evaluate its

prognostic significance, and develop a Ki-67 integrated prognostic model.

Methods: The retrospective study included 764 HNSCC patients hospitalized

from 2012 to 2022. Data were sourced from medical records and

immunohistochemical analysis of surgical specimens.

Results: Ki-67 expression was significantly associated with sex, pathological

grade, clinical stage, and metastasis, but not with age or recurrence. Higher Ki-

67 levels were linked to poorer prognosis, as indicated by Kaplan-Meier survival

analysis. Utilizing a Cox proportional hazardsmodel, four prognostic factors were

identified: age, recurrence, metastasis, and Ki-67 expression. These factors were

used to construct a prognostic model and a nomogram. The model’s predictive

accuracy was confirmed by a high concordance index and a reliable

calibration curve.

Conclusion: Ki-67 expression in HNSCC patients correlates with several

clinicopathological features and serves as a negative prognostic marker. A

prognostic model incorporating Ki-67 was successfully developed, offering a

new tool for patient prognosis assessment in HNSCC.
KEYWORDS

Ki-67, head and neck squamous cell carcinoma, prognosis, survival, nomogram,
prognostic prediction model
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1 Introduction

Head and neck cancer, comprising malignancies in the oral

cavity, pharynx, larynx, thyroid gland, salivary glands, and other

head and neck regions, is a prevalent malignancy worldwide. In

2020, global incidence rates reported approximately 377,713 new

cases of oral cancer, 98,412 of oropharyngeal cancer, 84,254 of

hypopharyngeal cancer, and 184,615 of laryngeal cancer (1).

Squamous cell carcinoma (SCC), the predominant form of head

and neck cancer, originates from the malignant transformation of

the squamous epithelium in these regions and constitutes about

90% of all such cancers (2). Common primary sites include the oral

cavity, pharynx, and larynx (3). Head and neck squamous cell

carcinoma (HNSCC) is notably characterized by invasive growth

and a propensity for lymph node metastasis, posing significant

diagnostic and treatment challenges globally.

In this context, substantial research has been dedicated to

identifying biomarkers for HNSCC (4–6), aiming to enhance

disease management, particularly in diagnosis and prognosis.

However, limitations in biomarker verification, insufficient

quantity or quality of marker molecules, and detection challenges

persist. Moreover, methodological flaws in some studies, such as

inadequate sample sizes, further complicate these challenges (7–9).

Currently, there is no universally accepted definitive prognostic or

predictive biomarker for HNSCC.

Despite the heterogeneity observed in tumors, a common

characteristic is their uncontrolled proliferative capacity (10). Ki-

67, a prominent proliferation marker in human tumor cells, is

crucial during interphase and mitosis, with its cellular distribution

varying significantly throughout the cell cycle (11). It has been

identified as an independent marker for predicting the prognosis of

various malignancies, including those of the lung, breast, kidney,

and prostate (12–15). In HNSCC, substantial evidence supports Ki-

67’s prognostic value (16–19). Nonetheless, the validity of this

evidence is often questioned due to small sample sizes, and

conflicting views exist regarding Ki-67’s correlation with HNSCC

prognosis (20, 21). Furthermore, the nomogram model based on

Ki-67 characteristic expression for head and neck squamous

carcinoma is currently not a focal point of research.

To address these discrepancies, this study endeavors to evaluate

the prognostic value of Ki-67 and construct a prognostic model

incorporating Ki-67 in HNSCC by analyzing a large patient cohort,

thus offering more substantial and reliable evidence.
2 Materials and methods

This investigation encompassed a retrospective cohort of 764

patients diagnosed with four principal subtypes of head and neck

squamous cell carcinoma (HNSCC): oral squamous cell carcinoma

(OSCC), oropharyngeal squamous cell carcinoma (OPSCC),

hypopharyngeal squamous cell carcinoma (HPSCC), and

laryngeal squamous cell carcinoma (LSCC). These patients were

admitted to our institution between 2012 and 2022. A thorough

analysis of their medical records yielded vital clinicopathological

data, including age, sex, primary tumor site, pathological grade, and
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clinical TNM stage, adjudicated per the 8th edition of the Union

for International Cancer Control’s Cancer Staging Manual.

Additionally, information on recurrence, metastasis, survival

status, and duration of survival as of December 31, 2022, was

meticulously collected.

To augment this data, immunohistochemical staining was

performed on formalin-fixed, paraffin-embedded surgical

specimens, primarily focusing on the expression of Ki-67. This

study received full approval from our Institutional Review Board

(Ethics approval number: WCHSIRB-D-2023-437) and was

rigorously conducted in alignment with the ethical guidelines set

forth in the Declaration of Helsinki.
2.1 Immunohistochemical staining

For immunohistochemical staining, 2mm thick sections were

prepared from paraffin-embedded tissue blocks. The initial stage

involved dewaxing and rehydrating these sections through

sequential immersion in xylene, followed by ethanol solutions

at concentrations of 100%, 85%, and 75%. Subsequently, they

were rinsed in distilled water and immersed in citrate buffer.

Antigen retrieval was facilitated by heating the sections in a

microwave, comprising a 10-minute cycle at high power, an 8-

minute interval, and a further 10-minute cycle at medium power.

This process is crucial for exposing antigens to enhance antibody

binding efficiency.

To quench endogenous peroxidase activity, the sections were

treated with a 3% hydrogen peroxide solution for 10 minutes at

ambient temperature. This was followed by the application of

normal goat serum (Product code: AR1009, Boster Biological

Technology, diluted 1:9) for 20 minutes to reduce non-specific

binding. The sections were then incubated with the primary

antibody (Product code: GB121141-100, Wuhan Servicebio

Technology, diluted 1:100) overnight at 4°C. The following day, a

secondary antibody (Product code: SP9002, Beijing Zhong Shan

-Golden Bridge Biological Technology) was applied for 30 minutes

at 37°C. Subsequent development with a diaminobenzidine (DAB)

solution imparted a brownish-yellow coloration to the cell nuclei.

Finally, the sections were washed, counterstained with hematoxylin

for three minutes, rinsed, and mounted using gum.
2.2 Recognition and counting of Ki-67

The DAB staining methodology is employed to discern Ki-67-

positive cells, characterized by the distinctive brownish-yellow

coloration of their nuclei. A cell is classified as Ki-67 positive

when its nucleus exhibits this specific hue, irrespective of the

intensity of the staining. Regions manifesting the highest

expression of Ki-67 are subjected to detailed examination under

high magnification. This process involves quantifying the total

number of Ki-67 positive cells and comparing it with the

aggregate count of tumor cells present in the sample. The

resulting ratio is subsequently converted into a percentage,

representing the level of Ki-67 expression.
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2.3 Statistical analysis

In this study, the expression of Ki-67 was evaluated through

various categorical variables such as age, sex, pathological grade,

clinical TNM stage, recurrence, and metastasis. Owing to the non-

Gaussian distribution of Ki-67 expression within these groups,

nonparametric statistical methods were employed for analysis.

The Wilcoxon rank sum test facilitated the comparison of Ki-67

expression between two distinct groups, while the Kruskal-Wallis H

test was used to evaluate differences among three or more groups.

Specific group comparisons were conducted using Dunn’s multiple

comparison test for specific group assessments.

To categorize patients into high and low Ki-67 expression

cohorts, the optimal cut-off value derived from the receiver

operating characteristic (ROC) curve and the median value of Ki-

67 expression were utilized. Kaplan-Meier survival curves, coupled

with log-rank tests, were applied to discern the disparities in overall

survival between these groups. A Cox proportional hazards model

was formulated, excluding pathological grade and clinical TNM

stage as mediating variables. This model incorporated five key

variables: Ki-67 expression, age, sex, recurrence, and metastasis.

Nomograms were constructed from significant predictors

identified in the Cox regression analysis to prognosticate patient

outcomes. The model’s accuracy was quantified using the

concordance index (C-index) and further validated through

Bootstrap resampling techniques.

Considering the heterogeneity inherent in head and neck

tumors, separate Cox models were developed for different

anatomical regions.

For statistical analysis and graphic visualization, R software

version 4.3.2 (R Foundation for Statistical Computing, Vienna,

Austria) and GraphPad Prism version 10.0.2 (GraphPad Software,

San Diego, California, USA) were employed. A threshold of p < 0.05

was set to determine statistical significance.
3 Results

3.1 General information

This study encompassed a cohort of 764 patients. Among these,

372 individuals (48.7%) were aged 60 or younger, while 392 (51.3%)

were older than 60. The distribution by sex was notably skewed,

with 596 patients (78.0%) being male and 168 (22.0%) females.

Pathologically, the majority, 529 patients (69.2%), were diagnosed

with moderately differentiated squamous cell carcinoma (MDSCC).

This was followed by 109 (14.3%) with well-differentiated squamous

cell carcinoma (WDSCC) and 126 (16.5%) with poorly

differentiated squamous cell carcinoma (PDSCC). In terms of

clinical staging, 433 patients (56.7%) presented with advanced

stage disease (Stage III-IV), while 331 (43.3%) were at an early

stage (Stage I-II). A significant majority, 683 patients (89.4%),

exhibited no recurrence, in stark contrast to the 81 patients

(10.6%) who experienced a recurrence. Neck or distant metastases

occurred in 480 (62.8%) patients, while 284 (37.2%) did not have

any. As for Ki-67 expression, the median value was 50%, with an
Frontiers in Oncology 03
interquartile range of 40% and an average of 48.787 ± 22.165%.

Regarding tumor location, 443 cases (58.0%) of HNSCC occurred in

the oral cavity, 26 (3.4%) in the oropharynx, 76 (9.9%) in the

hypopharynx, and 219 (28.7%) in the larynx (Table 1).
3.2 Correlation of Ki-67 expression with
clinicopathological features

In this study, no statistically significant variance was observed

in the mean Ki-67 expression when comparing patients aged 60 or

younger with those older than 60, as well as between patients with

local recurrence and those without. However, a notable difference in

Ki-67 mean expression was evident between sexes, with males
TABLE 1 General clinicopathological information of 764 cases.

Clinical characteristics Cases, n (%)

All Patients 764(100)

Age(year)

≤60 372(48.7)

>60 392(51.3)

Sex

Male 596(78.0)

Female 168(22.0)

Grade

WDSCC 109(14.3)

MDSCC 529(69.2)

PDSCC 126(16.5)

Clinical Stage

Early Stage (I-II) 331(43.3)

Advanced Stage (III-IV) 433(56.7)

Recurrence

Non-rec 683(89.4)

Recurrent 81(10.6)

Metastasis

Non-meta 480(62.8)

Metastatic 284(37.2)

Ki-67(%)

Median [IQR] 50[30-70]

Mean ± SD 48.787 ± 22.165

Site

Oral cavity 443(58.0)

Oropharynx 26(3.4)

Hypopharynx 76(9.9)

Larynx 219(28.7)
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exhibiting higher levels than females. Additionally, a clear trend was

observed in Ki-67 expression relative to pathological grade; as the

grade worsened, Ki-67 expression notably increased. This suggests

that tumor cells with poorer differentiation are associated with

elevated Ki-67 expression.

Moreover, a significant variation in Ki-67 expression was identified

between different clinical TNM stages. Patients in the early stages

exhibited lower Ki-67 expression compared to those in advanced

stages. This difference was statistically significant, highlighting the

potential of Ki-67 as a marker for disease progression.

Furthermore, there was a demonstrable correlation between Ki-

67 expression and the occurrence of metastasis. Ki-67 levels were

significantly higher in patients who had lymph node or distant

metastasis compared to those without such metastatic spread

(Table 2) (Figure 1).
3.3 Correlation of Ki-67 expression with
patient prognosis

This study employed two distinct cut-off values to optimize the

grouping of Ki-67 expression, thereby enabling a more precise

evaluation of its expression levels. The first method involved

dividing the sample into two groups using the median value of
Frontiers in Oncology 04
50% as the cut-off. An alternative approach determined the optimal

cut-off value via the receiver operating characteristic (ROC) curve,

which was identified as 57.5%. This cut-off value demonstrated a

specificity of 0.589, a sensitivity of 0.579, and an area under the

curve (AUC) of 0.605. Kaplan-Meier survival curves and log-rank

test results indicated that the prognosis for patients in the high Ki-

67 expression group was significantly poorer compared to those in

the low expression group (P<0.05). Notably, the cut-off value

derived from the ROC curve proved more effective in stratifying

Ki-67 expression than the median-based approach (Figure 2).

Multivariate Cox regression analysis of HNSCC identified age,

recurrence, metastasis, and Ki-67 expression as independent

prognostic risk factors (all hazard ratios >1, all P<0.05) (Table 3).

Patients with high Ki-67 expression, advanced age, presence of

metastasis, and recurrence had a poorer prognosis than those

with lower Ki-67 levels, younger age, absence of metastasis, and

no recurrence. Sex did not show a significant impact on

prognosis (P>0.05).

Furthermore, separate analyses of Cox proportional hazards

models for OSCC, OPSCC, HPSCC, and LSCC revealed that Ki-67

expression was an independent prognostic factor solely in OSCC. In

contrast, its prognostic relevance was not significant in OPSCC,

HPSCC, and LSCC. (Due to the limited sample size, the HRs for Sex

and Recurrence in HPSCC were calculated to be 0.000, lacking a

95% confidence interval (CI). Similarly, in LSCC, the HRs for sex

were also found to be 0.000 without a 95% CI. Consequently, we

opted to exclude these variables from the separate Cox regression

models) (Table 3).

Using significant predictors from the Cox model, a nomogram

was constructed (Figure 3), enabling the prediction of 1-, 3-, and 5-

year survival rates based on the total points accumulated from a

patient’s age, Ki-67 expression, recurrence status, and metastasis

presence. For example, a 60-year-old patient with cervical lymph

node metastasis, no recurrence, and a Ki-67 expression of 70%

would score a total of 130 points, correlating to predicted survival

rates of 87.5% at 1 year, 68% at 3 years, and 55% at 5 years. The

nomogram’s C-index was 0.721, indicating good predictive

accuracy for overall survival, with the calibration curve showing

close alignment between predicted and observed 3-year survival

rates (Figure 4).

The site-specific Cox proportional hazards model revealed an

adverse effect of Ki-67 expression on the prognosis of OSCC. In

addition, the overall cohort contained a large proportion of OSCC

patients. Therefore, based on the nomogram for head and neck

squamous carcinoma, a separate nomogram for OSCC was

constructed (Figure 5).
4 Discussion

The identification of prognostic biomarkers and the

development of prognostic models for head and neck squamous

cell carcinoma (HNSCC) are pivotal for predicting patient

outcomes and guiding clinical decision-making. This facilitates

the adoption of personalized clinical strategies (22). Ki-67, a

nuclear protein initially discovered in proliferating Hodgkin’s
TABLE 2 Correlation of Ki-67 expression with
clinicopathological features.

Variable n
Ki-67 Expression

P-value
Mean SD

Age

≤60 years 372 49.048 21.621
0.716

>60 years 392 48.538 22.496

Sex

Male 596 51.238 21.798
<0.0001

Female 198 40.089 20.817

Grade

WDSCC (A) 109 35.330 19.589 A<B <0.0001

MDSCC (B) 529 48.709 21.696 B<C <0.0001

PDSCC (C) 126 60.754 18.677 A<C <0.0001

Clinical Stage

Early (I-II) 331 44.353 21.169
<0.0001

Advanced (III-IV) 433 52.176 22.153

Recurrence

Non-rec 683 48.799 22.319
0.9566

Recurrent 81 48.679 19.880

Metastasis

Non-meta 480 45.869 21.942
<0.0001

Metastatic 284 53.718 21.412
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lymphoma cells by Gerdes et al. (23), is exclusively expressed during

mitosis and absent in quiescent cells. Its expression, regulated by

cell cycle-dependent transcription and protein degradation (24),

marks it as a critical cell proliferation marker. Despite its established

prognostic efficacy in various tumors, insights into Ki-67’s role in

HNSCC remain varied, influenced by factors like sample size,

detection techniques, and cut-off values for grouping (25–27).

In our study, Kaplan-Meier curves and log-rank tests identified

Ki-67 as a prognostic risk factor for HNSCC. Cox multivariate

analysis, controlling for confounders, confirmed Ki-67’s role as an

independent prognostic factor alongside age, recurrence, and

metastasis. Our study’s prognostic model, incorporating Ki-67,

age, recurrence, and metastasis, revealed that recurrence and

metastasis had a more substantial impact on prognosis than Ki-67
Frontiers in Oncology 05
expression and age, as evidenced by their higher hazard ratio values.

The model’s C-index was 0.721, indicating excellent predictive

efficacy (28). The calibration curve corroborated the nomogram’s

accuracy in reflecting actual patient survival.

Furthermore, within the Cox proportional hazards model, while

the HR for Ki-67 expression exceeded 1, it was lower than that of

other variables. This can be attributed to the Ki-67 expression being

analyzed as a continuous variable with values ranging from 0 to 100.

The HR for Ki-67 expression in the overall cohort was 1.009,

representing that if the expression of Ki-67 increased by 1, the

risk of patient death increased by 1.009. Upon further analysis, by

stratifying Ki-67 expression into two groups based on a predefined

cut-off value for the Cox model, we observed a substantially

increased HR for Ki-67 expression. Nevertheless, we advocate for
BA

FIGURE 2

Kaplan-Meier survival curves were constructed to evaluate the overall survival of patients with HNSCC based on Ki-67 expression levels. Specifically,
Ki-67 expression was classified into high and low groups using two different methods. (A) The median value of Ki-67 expression of 50% served as the
cut-off. (B) The cut-off was set at the optimal threshold of 57.5%, which was determined from the ROC curve.
FIGURE 1

Correlation of Ki-67 expression with clinicopathological features. ****, P<0.0001, ns, no significance.
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the utilization of Ki-67 expression as a continuous variable. This

approach not only preserves the integrity of the data but also

ensures that the Nomogram remains uninfluenced by arbitrary

cut-off values for Ki-67 expression, thereby enhancing its utility.

Unlike prior studies that often relied solely on clinical, gene

transcription, or gene expression data for prognostic modeling, our

research uniquely integrated clinical data with immunohistochemical

staining. Immunohistochemical staining, a standard procedure in

tumor pathology, is both cost-effective and time-efficient. It proves

more manageable in clinical settings than gene expression analysis.

By simply assessing Ki-67 levels alongside key clinicopathological

features, one can predict a patient’s prognosis using the nomogram.

This predictive insight equips clinicians with solid evidence,

facilitating informed decision-making about subsequent treatment
TABLE 3 Multivariate analysis of overall survival by Cox proportional
hazards model in the whole head and neck region and in sub-sites.

Characteristic
Cox proportional hazards regression

HR (95%CI) P value

Head and Neck

Age 1.027(1.009-1.045) 0.003

Sex

Male

Female 1.065(0.652-1.740) 0.802

Recurrence

Non-rec

Recurrent 1.865(1.147-3.031) 0.011

Metastasis

Non-meta

Metastatic 3.161(2.147-4.655) 0.000

Ki-67 1.009(1.004-1.018) 0.040

Oral Cavity

Age 1.043(1.014-1.072) 0.003

Sex

Male

Female 1.317(0.718-2.416) 0.374

Recurrence

Non-rec

Recurrent 4.316(2.327-8.005) 0.000

Metastasis

Non-meta

Metastatic 4.874(2.564-9.266) 0.000

Ki-67 1.014(1.0001-1.027) 0.049

Oropharynx

Age 1.029(0.975-1.086) 0.307

Sex

Male

Female 3.270(0.639-16.738) 0.155

Recurrence

Non-rec

Recurrent 1.391(0.267-7.257) 0.695

Metastasis

Non-meta

Metastatic 2.481(0.734-8.391) 0.144

Ki-67 0.979(0.954-1.005) 0.111

(Continued)
TABLE 3 Continued

Characteristic
Cox proportional hazards regression

HR (95%CI) P value

Hypopharynx

Age 1.043(0.999-1.090) 0.056

Metastasis

Non-meta

Metastatic 1.569(0.581-4.238) 0.375

Ki-67 0.981(0.958-1.005) 0.119

Larynx

Age 1.034(0.996-1.073) 0.077

Recurrence

Non-rec

Recurrent 0.561(0.074-4.276) 0.577

Metastasis

Non-meta

Metastatic 2.195(0.870-5.536) 0.096

Ki-67 1.016(0.994-1.038) 0.162
FIGURE 3

A constructed nomogram for prognostic prediction of a patient with
HNSCC. The total points were calculated by summing up the points
related to the patient’s age, Ki-67 expression, recurrence, and
metastasis. The patients’ 1-, 3-, and 5-year predicted survival rates
could be obtained using the total points.
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steps. For instance, a poor predicated prognosis may prompt the

consideration of active measures, including postoperative

radiotherapy and chemotherapy. This has a positive effect on the

overall prognosis of the patient. Moreover, the prognostic model’s

presentation through a nomogram offers clarity, ease of

understanding, and practical applicability.

Our research also explored Ki-67 expression’s correlation with

clinicopathological features in HNSCC patients. Elevated Ki-67

expression in advanced-stage and poorly differentiated tumors

highlighted its link to cell proliferation (29). Notably, Ki-67

expression was significantly higher in males than females,

possibly reflecting variations in sex hormones or lifestyle factors

like tobacco and alcohol use (30, 31). HPV infection status also

appeared to influence proliferative activity (32). A significant

difference in Ki-67 expression across different sites necessitated

subgroup analysis, revealing Ki-67 as a prognostic biomarker only

in OSCC. Because of this, we additionally constructed a separate

nomogram for OSCC, demonstrating a prognostic model for

containing Ki-67 expression. The prognostic significance of Ki-67

expression in OPSCC, HPSCC, and LSCC was not established,
Frontiers in Oncology 07
highlighting the need for further research, particularly due to

sample size constraints.

Previous studies on Ki-67 expression in HNSCC have employed

various cut-off values, including ROC curve-derived values (33),

medians (13), quartiles (34), and data distribution-based values

(17). Our study utilized both the median and ROC-derived optimal

cut-off values, finding the latter to offer more significant prognostic

variance. In calculating the cut-off value via the ROC curve, we

analyzed a substantial cohort to establish this threshold. In future

research, it is imperative to undertake prospective studies to affirm

the prognostic significance of Ki-67 expression and to address

pivotal concerns, including the determination of cut-off values.

Various methodologies for quantifying Ki-67 expression, such as

positive cell and area ratios, underscore the need for standardized

assessment procedures. The lack of standardization, as highlighted

in breast cancer studies (35, 36), calls for the establishment of

consistent protocols for Ki-67 assessment in HNSCC.

In summary, this research encompassed a comprehensive

analysis of 764 patients hospitalized from 2012 to 2022. It

meticulously investigated the correlation between Ki-67
FIGURE 4

Calibration curve of 3-Yeas OS for HNSCC patients in the training cohort.
FIGURE 5

A constructed nomogram for prognostic prediction of a patient with OSCC.
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expression and a spectrum of clinicopathological characteristics in

HNSCC. Our survival analysis unequivocally established Ki-67 as a

negative prognostic biomarker for HNSCC. We developed a

nomogram as a prognostic prediction model, integrating Ki-67

expression, which promises to contribute significantly to future

clinical practice. However, it is crucial to acknowledge the inherent

heterogeneity of head and neck tumors, underscoring the need for

further validation of our findings in specific sites such as the

oropharynx, hypopharynx, and larynx. Future research directions

should focus on refining methodologies, including Ki-67 counting

techniques, antigen retrieval processes, and determining the

optimal cut-off value for Ki-67 expression. The ultimate goal is to

establish a standardized and universally applicable procedure for

assessing Ki-67 in HNSCC, thereby enhancing the accuracy and

reliability of prognostic predictions in clinical settings.
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21. Woźniak M, Nahajowski M, Hnitecka S, Rutkowska M, Marek G, Agrawal A,
et al. A comparative study of osteopontin expression, ki67 index and prognosis
in squamous cell carcinoma and cysts of the oral cavity. Transl Cancer Res. (2020)
9:795–808. doi: 10.21037/tcr

22. Joyner MJ, Paneth N. Promises, promises, and precision medicine. J Clin Invest.
(2019) 129:946–8. doi: 10.1172/JCI126119

23. Gerdes J, Schwab U, Lemke H, Stein H. Production of a mouse monoclonal
antibody reactive with a human nuclear antigen associated with cell proliferation. Int J
Cancer. (1983) 31:13–20. doi: 10.1002/ijc.2910310104

24. Andrés-Sánchez N, Fisher D, Krasinska L. Physiological functions and roles in
cancer of the proliferation marker Ki-67. J Cell Sci. (2022) 135:jcs258932. doi: 10.1242/
jcs.258932

25. Almangush A, Heikkinen I, Mäkitie AA, Coletta RD, Läärä E, Leivo I, et al.
Prognostic biomarkers for oral tongue squamous cell carcinoma: a systematic review
and meta-analysis. Br J Cancer. (2017) 117:856–66. doi: 10.1038/bjc.2017.244
Frontiers in Oncology 09
26. Kara A, Turan G, Guven M, Guven EM, Elden H. Ki-67, p-53, E-cadherin, and
b-catenin expression of advanced glotto-subglottic and supraglottic larynx carcinomas.
Nigerian J Clin Pract. (2022) 25:1424. doi: 10.4103/njcp.njcp_1693_21

27. Xu QQ, Li QJ, Xu Z, Lan LL, Hou Z, Liu J, et al. Prognostic value of the
immunohistochemical score based on four markers in head and neck squamous cell
carcinoma. Front Immunol. (2023) 14:1076890. doi: 10.3389/fimmu.2023.1076890

28. Wu J, Zhang H, Li L, Hu M, Chen L, Xu B, et al. A nomogram for predicting
overall survival in patients with low-grade endometrial stromal sarcoma: A population-
based analysis. Cancer Commun (Lond). (2020) 40:301–12. doi: 10.1002/cac2.12067

29. Batelja-Vuletic L, Tomasovic-Loncaric C, Ceppi M, Bruzzone M, Fucic A,
Krstanac K, et al. Comparison of androgen receptor, VEGF, HIF-1, ki67 and MMP9
expression between non-metastatic and metastatic stages in stromal and tumor cells of
oral squamous cell carcinoma. Life (Basel). (2021) 11:336. doi: 10.3390/life11040336

30. Nainani P, Paliwal A, Nagpal N, Agrawal M. Sex hormones in gender-specific
risk for head and neck cancer: A review. J Int Soc Prev Community Dent. (2014) 4:S1–4.
doi: 10.4103/2231-0762.144557

31. Padma R, Sundaresan S, Kalaivani A, Thilagavathi R. Assessment of
histopathological grade and ki-67 expression in tobacco and non-tobacco habitual
buccal mucosa cancer. Indian J Otolaryngol Head Neck Surg. (2019) 71:410–6.
doi: 10.1007/s12070-018-1328-1

32. Ragin CCR, Modugno F, Gollin SM. The epidemiology and risk factors of head
and neck cancer: a focus on human papillomavirus. J Dent Res. (2007) 86:104–14.
doi: 10.1177/154405910708600202

33. Govindaraj PK, Kallarakkal TG, Mohd Zain R, Tilakaratne WM, Lew HL.
Expression of ki-67, cornulin and ISG15 in non-involved mucosal surgical margins as
predictive markers for relapse in oral squamous cell carcinoma (OSCC). PloS One.
(2021) 16:e0261575. doi: 10.1371/journal.pone.0261575

34. Liu Q, Ran D, Wang L, Feng J, Deng W, Mei D, et al. Association between ki67
expression and therapeutic outcome in colon cancer. Oncol Lett. (2023) 25:272.
doi: 10.3892/ol

35. Gown AM. The biomarker Ki-67: promise, potential, and problems in breast
cancer. Appl Immunohistochemistry Mol Morphology. (2023) 31:478. doi: 10.1097/
PAI.0000000000001087

36. Xie S, Liu Y, Qiao X, Hua RX, Wang K, Shan XF, et al. What is the prognostic
significance of Ki-67 positivity in oral squamous cell carcinoma? J Cancer. (2016)
7:758–67. doi: 10.7150/jca.14214
frontiersin.org

https://doi.org/10.1016/j.cca.2019.01.011
https://doi.org/10.1016/j.cca.2019.01.011
https://doi.org/10.21873/invivo.12814
https://doi.org/10.1590/1678-7757-2020-0751
https://doi.org/10.1590/1678-7757-2020-0751
https://doi.org/10.1007/s00405-014-3117-0
https://doi.org/10.1016/j.oraloncology.2004.01.004
https://doi.org/10.1016/j.oraloncology.2004.01.004
https://doi.org/10.1007/s00405-019-05338-3
https://doi.org/10.1007/s00405-019-05338-3
https://doi.org/10.21037/tcr
https://doi.org/10.1172/JCI126119
https://doi.org/10.1002/ijc.2910310104
https://doi.org/10.1242/jcs.258932
https://doi.org/10.1242/jcs.258932
https://doi.org/10.1038/bjc.2017.244
https://doi.org/10.4103/njcp.njcp_1693_21
https://doi.org/10.3389/fimmu.2023.1076890
https://doi.org/10.1002/cac2.12067
https://doi.org/10.3390/life11040336
https://doi.org/10.4103/2231-0762.144557
https://doi.org/10.1007/s12070-018-1328-1
https://doi.org/10.1177/154405910708600202
https://doi.org/10.1371/journal.pone.0261575
https://doi.org/10.3892/ol
https://doi.org/10.1097/PAI.0000000000001087
https://doi.org/10.1097/PAI.0000000000001087
https://doi.org/10.7150/jca.14214
https://doi.org/10.3389/fonc.2024.1376498
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A novel nomogram model based on Ki-67 characteristic expression to predict prognosis in head and neck squamous cell carcinoma
	1 Introduction
	2 Materials and methods
	2.1 Immunohistochemical staining
	2.2 Recognition and counting of Ki-67
	2.3 Statistical analysis

	3 Results
	3.1 General information
	3.2 Correlation of Ki-67 expression with clinicopathological features
	3.3 Correlation of Ki-67 expression with patient prognosis

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


