

[image: Oncogenic KPNA2 Serves as a Biomarker and Immune Infiltration in Patients With HPV Positive Tongue Squamous Cell Carcinoma]
Oncogenic KPNA2 Serves as a Biomarker and Immune Infiltration in Patients With HPV Positive Tongue Squamous Cell Carcinoma





ORIGINAL RESEARCH

published: 04 July 2022

doi: 10.3389/fonc.2022.847793

[image: image2]


Oncogenic KPNA2 Serves as a Biomarker and Immune Infiltration in Patients With HPV Positive Tongue Squamous Cell Carcinoma


Li Gao 1, Ying Li 1, Cheng Yu 1, Dong-Xu Liu 1, Ke-Han Wu 1, Zhi-Li Wei 2, Ming-Yue Liu 1 and Lei Yu 3*


1 Department of Oral and Maxillofacial Surgery, The Second Affiliated Hospital of Harbin Medical University, Harbin, China, 2 Department of stomatology, Daqing Oilfield General Hospital, Daqing, China, 3 Department of Colorectal Surgery, The Second Affiliated Hospital of Harbin Medical University, Harbin, China




Edited by: 

Sridhar Muthusami, Karpagam Academy of Higher Education, India

Reviewed by: 

Marco Mascitti, Marche Polytechnic University, Italy

Ramona Gabriela Ursu, Grigore T. Popa University of Medicine and Pharmacy, Romania

*Correspondence: 

Lei Yu
 allengl0601@163.com

Specialty section: 
 This article was submitted to Molecular and Cellular Oncology, a section of the journal Frontiers in Oncology


Received: 03 January 2022

Accepted: 30 May 2022

Published: 04 July 2022

Citation:
Gao L, Li Y, Yu C, Liu D-X, Wu K-H, Wei Z-L, Liu M-Y and Yu L (2022) Oncogenic KPNA2 Serves as a Biomarker and Immune Infiltration in Patients With HPV Positive Tongue Squamous Cell Carcinoma. Front. Oncol. 12:847793. doi: 10.3389/fonc.2022.847793



Human tongue squamous cell carcinoma (TSCC), the most prevalent type of oral cancer, is associated with human papillomavirus (HPV) infection. Our previous work showed Karyopherin α2 (KPNA2), as an oncogene of TSCC, by relegating the p53/autophagy signaling pathway. Nevertheless, the significance of KPNA2 in TSCC pathogenesis has not been established. KPNA2 levels were evaluated via the TCGA database, and its effects on survival outcomes were assessed by LASSO, Kaplan‐Meier, and COX regression analyses. CIBERSORT and ESTIMATE investigated the relationships between KPNA2 and immune infiltration. At the same time, KPNA2 and HPV infection was analyzed by immunohistochemistry. In addition, the association between downstream molecular regulation pathways and KPNA2 levels was determined by GO, GSEA, and WGCNA. In TSCC, KPNA2 levels were associated with clinical prognosis and tumor grade. Moreover, KPNA2 may be involved in cancer cell differentiation and facilitates tumor-related genes and signaling pathways, such as Cell Cycle, Mitotic G1 phase, G1/S transition, DNA Repair, and Transcriptional Regulation TP53 signaling pathways. Nevertheless, regulatory B cells, follicular helper B cells, and immune and stromal scores between low- and high-KPNA2 expression groups were insignificant. These results imply that KPNA2 is highly involved in tumor grade and prognosis of TSCC. KPNA2 levels correct with HPV 16 markedly regulated cell differentiation, several oncogenes, and cancer‐related pathways.
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Introduction

Tongue squamous cell carcinoma (TSCC), the most common form of head and neck squamous cell carcinoma (HNSCC), is associated with more than 500,000 cases annually. TSCC has high invasive behavior, local recurrence and high occult metastasis rate, and poor prognostic outcomes. Its mortality rate within five years is about 50% (1). TSCC account for more than 40% of all oral cancers. Patients with TSCC often suffer from severe oral dysfunction and face oral function reconstruction after surgical therapy (2). Although much progress in radiotherapy, chemotherapy, and surgery has been made in treating TSCC relative survival rate for TSCC patients is not markedly increased. The main risk factors for TSCC are drinking, smoking, and human papillomavirus (HPV). More than 23% of patients with TSCC are infected with HPV (3). HPV infection is responsible for the development and progression of some TSCCs with a unique tumorigenesis mechanism (4–9).

HPV is a double-stranded circular DNA virus and belongs to the papillomaviridae family, it has specific tropism to squamous epithelium. So far, 202 different HPV types have been isolated (International HPV Reference Center; http://ki.se/en/labmed/international-hpv-reference-center). The types of HPV infecting mucosa are further divided into high-risk type and high-risk type (10). High-risk HPV types HPV-16 and -18 are linked to 90% of uterine cervical cancers (11). Although the mechanism of this action is not completely clear, the detection of sensitive and specific biomarkers related to HPV in human TSCC has been compared and clarified, among which HPV16, E6 and E7 have been studied and discussed most frequently (12). HPV16 plays a leading role in HPV16, 18, 31, 45, 33, 52, 58, 35, 59, 56, 51, 6, 39, 68, 82, 66, 70 and 73, and is injected into 46-63% of squamous cell carcinomas, followed by HPV18 (10-14%) (13). HPV-positive oropharyngeal squamous cell carcinoma(OPSCCs) seem to have a better prognosis than HPV-negative ones, as they are less likely to recur locally and are more radiosensitive (14, 15). In the past 20 years, many studies regarding HPV and OSCCs have been conducted. HPV has been discussed as a relevant predictive biomarker of OSCC (16). Anatomically, there is no specific information (oral or oropharyngeal) about the samples. So far, it cannot be determined whether HPV infection has any practical impact on oral carcinogenesis (17). HPV infection, according to Attner et al., may cause a higher incidence of tongue cancer in adolescents (18). In addition to reducing treatment costs and improving quality of life, Anders Högmo et al. showed that different treatment strategies might increase patient satisfaction (19). Therefore, it is imperative to find new prognostic biomarkers. Identifying predictive markers would enable optimization of treatment and reduction of sequelae (20).

Cancer cells can evade the host immune system, which is a hallmark of cancer (21). Tumor-infiltrating lymphocytes (TIL) and their spatial organization in the tumor microenvironment are crucial in cancer progression (22). A solid tumor is classified histologically according to its immune profile. These immune profiles include T cells, also called tumor-immune phenotypes: immune-inflamed, immune-excluded, and immune-desert (23). Regarding the prognostic role of TILs in OSCC, several immunohistochemical studies have demonstrated an association between TIL levels of TILs and a better outcome. High CD3+ TIL levels at invasive tumor margins were significantly correlated associated with an improved prognosis in patients with OSCC (24). For the first time, Giuseppe Troiano et al. show that the immunophenotype of OTSCC predicts relapse and poor outcomes. At the same time, Giuseppe Troiano et al. also pointed out that current tumor lymph node metastasis systems lack the capability to identify patients at high risk of early recurrence and poor prognosis for OTSCC as well as patients with invasive cancers can be more accurately stratified based on their tumor immunophenotype (25). However, whether and how HPV plays an effective regulatory role in changing the survival rate of human TSCC patients has not been clarified (26, 27).Therefore, we hypothesize that HPV infection causes the TSCC to acquire an immunoinflammatory phenotype, and immune cells infiltrate the tumor, improving patient outcomes.

However, the relationship between KPNA2 and HPV-positive TSCC has not been established, especially the regulatory role of KPNA2 in HPV-positive TSCC. In our study, the prevalence of HPV 16 positively correlates with KPNA2 expression in TSCC. In addition, Immune cell infiltration provides a new tool for TSCC therapeutic approaches. We explored the tumor immune microenvironment(TIME) in a homogeneous TSCC cohort and evaluated its effects on survival outcomes.



Materials and Methods


Collection and Preprocessing of Data

The data on tongue squamous cell carcinoma (TSCC) contained gene expression data (HTSeq-Counts) of 137 TSCC patients from the ““CGA-HNSC” “project, and the clinical data tables corresponding to the samples were retrieved from Genomic Data Commons (https://portal.gdc.cancer.gov/). (Note: we collected the data in TCGA with TSCC, which showed HPV-positive TSCC or HPV-negative TSCC patients.) 124 TSCC tissue samples and 13 paracancerous tissue samples were contained among them.

To ensure study accuracy, we removed probes with more than 50% expression values equal to 0—additionally, the voom function in the ““imma” “package normalized gene expression profiles.



Extrapolation of Tumor-Infiltrating Immune Cell

CIBERSORT has a deconvolution algorithm that can quantify the extent of infiltration of 272 tumor-infiltrating immune cells (TIICs) in individual samples. The abundance of TIICs for each model in 124 TSCC tissues was assessed by R (version 3.6.1) based on the CIBERSORT algorithm. Moreover, cytotoxic activity scores (CYT) and tumor-infiltrating lymphocyte scores (TILs) were calculated by the amount of expression of the genes.



Differentially expressed genes (DEGs) associated with KPNA2 expression

The “imma” “package calculated DEGs associated with KPNA2 expression. The threshold for filtering differential genes was set at |logFC| > 1and P < 0.05.



Enrichment Analysis of KPNA2 Co-Expression Genes

Metascape (http://metascape.org) is an online tool that offers several functions, including gene enrichment and protein interaction network analyses. Enrichment analysis was performed on 100 co-expressed genes of KPNA2 in the Metascape database. If multiple terms of GO or pathway annotations were identified, the top 20 most statistically significant terms were selected for visualization.



Protein-Protein Interaction Network Establishment and Hub Genes Identification

We utilized the Search Tool for the Retrieval of Interacting Genes (STRING) (https://www.string-db.org/) database to build a PPI network and set the interaction score to 0.85. Cytoscape v3.7.0 was utilized to promote PPI network readability based on interactions in the STRING database. In addition, genes that exhibited direct interactions with KPNA2 were considered central hub genes.



Patients and Samples

Tissue samples were resected from 30 TSCC patients who had been subjected to surgical procedures at the Department of Oral and Maxillofacial Surgery, The Second Affiliated Hospital of Harbin Medical University (Harbin, China) between April 2018 and March 2021. Tumor stages were determined under the Union for International Cancer Control TNM Classification of Malignant Tumors 7th Edition, while histological grades were evaluated by the World Health Organization criteria for TSCC. This study was permitted by the Institutional Review Board of Harbin Medical University (KY2021-120, Harbin, China).



Immunohistochemistry

The TSCC samples were fixed in formalin (phosphate-buffered formalin, 10%) for 24 h at room temperature (RT), paraffin-embedded, and sliced into 4-µm thick sections. Immunohistochemical (IHC) staining was done via the avidin-biotin-peroxidase complex strategy. Briefly, deparaffinized samples were heated in 10 mM citrate buffer (pH 6.0) at 121°C for 20 min for epitope regeneration. Incubation of sections was done in 0.3% hydrogen peroxide (in distilled water) at RT for 5 min to block endogenous peroxidase activities. This stage was followed by overnight incubation at four °C in the presence of a specific mouse monoclonal antibody to anti-human p16 and KPNA2. Sections were washed using TBS+Tween-20 (TBS-T; Sigma-Aldrich; Merck KGaA), overlaid with biotinylated anti-mouse antibodies at RT for 60 min, washed using TBS-T, and labeled with a streptavidin-peroxidase complex. Then, sections were stained with hematoxylin at RT for 10 s, dehydrated in graded ethanol (75, 95, 100, and 100%) for 5 minutes each at RT, treated with xylene, and then enclosed in synthetic resin. Observation of sections at ×40 and ×100 was done by a light microscope (Nikon Corporation). Positive p16 protein expressions were denoted as when >70% of tumor cells exhibited intense, diffuse nuclear and cytoplasmic staining.



Statistical Analysis

Maximally Selected Log-rank Statistic was used as the sample classification. K-M analysis and plotting of heatmaps were applied with the “survival” “package and “heatmap” “package, respectively. Data from two groups were tested using analysis of variance, and the Kruskal-Wallis test was used to identify significance between three or more groups of data (* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001; **** p ≤ 0.0001). Pearson correlation analyses determined the correlation between two variables. R (version 3.6.1) was used for our studies. Furthermore, when we assessed the significance of the results using P, P < 0.05 denoted matter.




Results


Diagnostic Value of KPNA2 in TSCC and the Association Between its Levels and Clinic-Pathological Characteristics

In the TCGA cohort, the expression profile of KPNA2 was significantly different between 13 normal tissues and 124 TSCC tissue samples and showed a trend of high expression in TSCC tissues (Figure 1A). Next, 124 TSCC samples were assigned into high and low expression groups based on KPNA2 levels by maximally selected log-rank statistics (Figure 1B). As shown in Figure 1C, the KPNA2 low expression patient group’s survival rates were significantly higher than that of the high expression group (log-rank P = 0.0017). The association between KPNA2 levels and clinic-pathological characteristics was explored by collating the clinical features of TCGA-TSCC. As shown in Figures 1D–I, elevated KPNA2 levels markedly correlated with tumor invasion depth (P = 0.03092) and histological grade (P = 0.02234), however, no significant correlation was observed with lymph node metastasis (P = 0.3849), gender (P = 0.9542) and age (P = 0.3158). Moreover, as shown in Table 1, KPNA2 levels were significantly correlated with stage. Hence, TSCC was chosen as the primary target to investigate the potential role of KPNA2.




Figure 1 | Association between KPNA2 expression and clinicopathological features of TSCC and diagnostic significance of KPNA2. (A) Cancer status. (B) Scatter plots show normalized log-rank statistical values for each respective cut-off of KPNA2 expression values. The vertical dashed line marks the best cut-off value with the most significant standard logarithmic rank statistic. (C) Kaplan-Meier plot for overall survival outcomes of TCGA-TSCC patients categorized based on KPNA2 expression. (D) Tumor invasion depth. (E) Tumor grade. (F) Stage. (G) Lymph node metastasis. (H) Gender. (I) Age.




Table 1 | Relationship between KPNA2 expression and clinical characteristics of TSCC patients.





Relationship Between Immune Infiltrate Landscape and KPNA2 Expression

To explore the mechanism by which KPNA2 participates in the pathological progression of TSCC, we evaluated the association between KPNA2 levels and 22 TIICs by the CIBERSORT algorithm based on expression profiles of TCGA. In TSCC tumor tissues, activated mast cells (P = 0.0044), plasma cells (P = 0.0005) and naive T cells CD4 (P = 0.0474) were highly infiltrated in high KPNA2 group, while naive B cells (P = 0.0080), resting mast cells (P = 0.0021), helper T cells follicular (P = 0.0164) and regulatory T cells (P = 0.0010) were all significantly enriched in the low KPNA2 group (Figure 2A). Immunotherapy has become an established mainstay of anticancer therapy to improve outcomes for patients with cancer. Therefore, the levels of common immune checkpoints in low and high KPNA2 groups were further examined in this study. As shown in Figures 2B–E, patients in the low KPNA2 group were markedly associated with higher levels of the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), program death-1 (PD-1), cytotoxic activity (CYT), tumor-infiltrating lymphocytes (TILs).




Figure 2 | Relationship between KPNA2 levels and tumor immune landscape of TSCC. (A) Relationship between KPNA2 level and the proportion of 22 TIICs in TSCC tissues. (B–E) Box plots show different immune checkpoints between KPNA2 low- and high-expression cases. PD-1 (PDCD1), programmed cell death 1; CYT, cytotoxic activity; TILs, tumor-infiltrating lymphocytes; CTLA-4, cytotoxic T-lymphocyte associated protein 4. *P < 0.05, **P < 0.01 or ***P < 0.001, relative to High group.





Identification of Co-Expression Genes with KPNA2

First, the “imma” “R package was utilized to derive 561 DEGs associated with KPNA2 expression, which contained 190 elevated DEGs and 371 suppressed DEGs (Figures 3A, B). Next, among these DEGs, the co-expression genes of KPNA2 were calculated by Pearson’s correlation analysis (Figure 3C). We selected genes with positive and negative correlation coefficients in the top 50, respectively, as co-expression genes (Figures 3D, E).




Figure 3 | Identification of KPNA2 co-expression gene. (A) Volcano plot of DEGs associated with KPNA2 expression. Red denotes elevated DEGs, blue denotes suppressed DEGs, while gray denotes non-differential genes. (B) Heat map of DEGs. (C) Pearson test was used to assess the association between KPNA2 and DEGs. (D, E) The heat map shows genes positively and negatively correlated with KPNA2 (Top 50).





Enrichments of Co-Expression Genes

Enrichment analysis of 100 co-expression genes was performed using the metascape database. These genes were highly enriched in several biological processes, such as mitotic sister chromatid segregation, chromosome segregation regulation, meiotic cell cycle, and positive regulation of cell cycle process. They were also mainly enriched in cell cycle, kinesins, and transcriptional regulation by TP53 pathways (Figures 4A, B).




Figure 4 | Functional enrichment analysis of co-expression gene. (A) Bar plot of the significantly top 20 terms enriched. (B) Network relationship plot between terms and terms.





Protein-Protein Interaction Network and Hub Genes

A STRING database developed a PPI network to show intrinsic correlations between KPNA2 co-expression genes (Figure 5). Eight genes (AURKA, BIRC5, CCNB1, CCNB2, CDC20, MAD2L1, PLK1, and TPX2) were directly related to KPNA2 and were identified as central hub genes. Subsequently, we grouped the expression of the eight hub genes by Maximally Selected Log-rank Statistic and found that the eight hub genes with a low expression all had better survival than those with high expression (Figures 6A–H). Furthermore, the area under the curve (AUC) of these 8-hub gene receiver operating characteristic (ROC) curves all exceeded 0.85 (Figures 6I–P).




Figure 5 | PPI network constructed from co-expression gene. Genes with red dots were directly associated with KPNA2 and were considered hub genes.






Figure 6 | Kaplan–Meier survival analysis (A–H) and ROC curve (I–P) of eight hub genes of KPNA2.





The Relationship Between the KPNA2 mRNA Expression Level in Patients With Different HPV Status-TSCC and Their Prognosis Was Verified

To our knowledge, HPV plays a significant role in TSCC progress (28).On the other hand, much evidence shows that HPV16, a biomarker of HPV, is an upstream agent that can infect genes in TSCC progress (29). However, the relationship between HPV16 and KPNA2 in OSCC is unclear. To detect this hypothesis, we used TCGA-OSCC datasets with HPV infection information. Our results showed that HPV16 positively correlates with KPNA2 expression in TSCC (Figure 7). The abovementioned effects confirmed that KPNA2 was up-regulated in HPV-positive TSCC, unlike in HPV-negative TSCC.




Figure 7 | Validation of the relationship between KPNA2 expression and clinical information. KPNA2 was up-regulated in patients with HPV-positive TSCC patients.



To investigate the relationship between KPNA2 and HPV16 in TSCC patients. Immunohistochemistry was employed to test the expression of KPNA2 and HPV in TSCC tissues. In our data, KPNA2 is up-regulated in TSCC tissue, while HPV16 is also up-regulated in TSCC tissues (Figure 8A). And also, KPNA2 and HPV16 positively correlated in TSCC patients (Figure 8B).




Figure 8 | The correlation of KPNA2 and HPV16 in TSCC patients. (A) Immunohistochemistry, (B) statistical data between KPNA2 and HPV16.






Discussion

KPNA2, a nuclear export protein involved in tumorigenesis, is a potential target in oncology (30).In our previous work, we found KPNA2 is up-regulated in TSCC. And also, knockdown KPNA2 can regulate TSCC cell growth and induce apoptosis by regulating the p53/autophagy signaling pathway (31, 32). However, other mechanisms and upstream influencing factors for KPNA2 in TSCC progress have not been established. We want to explore the association between KPNA2 and HPV in TSCC, especially downstream mechanisms.

There is no significant difference in the current treatment options for HPV+ TSCC compared with HPV-only TSCC. TSCC patients may be left with disfigurement and masticatory dysfunction after surgery. However, platinum-based chemoradiation is linked to debilitating health complications, including dysphagia, xerostomia, and ototoxicity (33). HPV+ TSCC patients may experience high incidence rates. In addition to being younger than HPV-positive patients, they generally share a declining quality of life after receiving cancer treatment (34). In addition, HPV+ TSCC patients seem to respond favorably to treatment, so de-escalation strategies are becoming increasingly popular for this patient group. Our study evaluated the predictive landscape of carbonic anhydrase in TSCC. KPNA2 levels were significantly correlated with survival outcomes for TSCC patients (Table 1).

Moreover, there was a significant correlation between KPNA2 levels and prognostic outcomes for TSCC patients. KPNA2 has been shown to mediate the survival outcomes for oral squamous cell carcinoma patients. Therefore, it is a potential independent prognostic marker. Moreover, KPNA2 levels were correlated with tumor grade. These findings imply that KPNA2 is a possible diagnostic and prognostic factor for TSCC.

On the other hand, GSEA revealed that KPNA2 levels were negatively associated with mitotic sister chromatid segregation and the Cell Cycle signaling pathway. Elevated KPNA2 levels markedly suppressed the infiltration levels of naive B cell, activated Mast cells, Mast cell resting, plasma cells, T cells follicular helper, and Tregs, which could be attributed to the suppressed B cell proliferation and migration. KPNA2 can induce immunogenic cell death by radiation (35). B cell regulation could also be attributed to expressions of KPNA2‐specific protein epitopes in TSCC.

At the molecular level, HPV + TSCC is characterized by wild-type p53, a major tumor suppressor protein, usually mutated in HPV -TSCC and most cancers from other anatomical sites (36). Our previous studies found that knocking down KPNA2 inhibited cell migration, autophagy, and cisplatin resistance by decreasing p53 translocation nucleocytoplasmic (32). The tumor-inhibiting properties of p53 in HPV + TSCC are affected by viral oncoprotein E6 in two distinct ways. The HPV E6 ubiquitin ligase, E6AP, promotes the degradation of wild-type p53 by the proteasome (36–39). HPV E6 binds to P300 to block the acetylation of p53, thus rendering p53 less stable and less active as a transcription factor (40–45).

As a result of infection with HPV, HPV-positive tumors typically have an increased CRT response that activates the immune system and results in a high proportion of immune cells infiltrating the tumor. Therefore, it will exert a more powerful antitumor effect (46). Those tumors which are HPV-negative, however, are believed to be immune-suppressed. Therefore, HNSCC immunotherapy efficacy may be negatively impacted by HPV infection (47, 48). According to a meta-analysis of 11 studies published in 2020, HNSCC patients with HPV were 1.29 times more likely to respond to immunotherapy than HNSCC patients without HPV (risk ratio 1.29; 95% CI = 0.85-1.96; I2 = 0), and it is twice as likely that they will survive (11.5 months vs. 6.3 months) (49). Hence, better immunotherapy efficacy may be associated with a better prognosis of HPV-related TSCC. Since risk stratification based on tumor size, lymph nodes and distant metastasis (TNM stage) and histological grade alone are not enough to predict the prognosis of TSCC patients, additional prognostic biomarkers are urgently needed (50). As an endpoint of our study, we found that HPV16 positively correlates with KPNA2 expression in TSCC (Figure 7). As well as, HPV16 E6 also positively correlates with the presentation of KPNA2 in TSCC patients (Figure 8).

Through COX regression, KPNA2 was established to be highly related to tumor grade in patients with tongue carcinoma. Therefore, we evaluated tumor grade co‐expressed genes in low and high expression groups via WGCNA. It was established that genes associated with tumor grade were enriched in cell differentiation and negative regulation of cell proliferation. In sinonasal papilloma, KPNA2 levels were associated with cancer cell differentiation and proliferation and showed potential cancer recurrence biomarkers. In pancreatic ductal adenocarcinoma, KPNA2 expression in adenocarcinoma was significantly suppressed in well‐differentiated cases. KPNA2 probably affected TSCC grade by modulating neoplastic cell differentiation and proliferation. Moreover, hug genes, including CCNB2, PLK1, CDC20, AURKA, MAD2L1, BIRC5, CCNB1, and TPX2, participated. In TSCC, CCNB2 and CDC20 were novel therapies for TSCC Patients with High-Grade Tumors (51). BIRC5 was inversely associated with the characterization of antigen processing machinery and survival expression in tonsillar squamous cell carcinoma (52). CCNB1 promotes cell proliferation and tumorigenesis via p53-related pathways in OSCC (53). Based on the findings, we postulated that during cancer cell differentiation, KPNA2 activates various co‐expressed genes that affect the differentiation of TSCC.

In conclusion, elevated KPNA2 levels in TSCC are associated with poor prognostic outcomes and tumor grades. Activations of tumor-related pathways and cell differentiation‐associated genes are vital in these biological processes correct with HPV16. It will be possible to control the incidence rate of HPV related tongue squamous cell carcinoma, improve the prognosis, provide reference for patients’ treatment options, and improve the survival rate and quality of life of patients.It is indispensable to perform cytological and animal experiments to confirm these conclusions.
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pT, posttreatment tumor category; pN, lymph node status; Stage, AJCC prognostic stage grouping; Tumor grade, Tumor grade is a way of classifying tumors based on certain features of
their cells.

Grade 1. The tumor cells look the most like normal tissue and are slow-growing (well-differentiated).

Grade 2. The tumor cells fall somewhere in between grade 1 and grade 3 (moderately-differentiated).

Grade 3. The tumor cells look very abnormal and are fast-growing (poorly-differentiated)).

Bolded p-values were two-sided with significance defined as a p-value < 0.05.





