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Abstract
Laryngeal cancer ranks as the second most prevalent upper airway malignancy, following Lung cancer. Although some progress has been made in managing laryngeal cancer, the 5-year survival rate is disappointing. The gradual increase in the incidence of second primary tumors (SPTs) plays a crucial role in determining survival outcomes during long-term follow-up, and the esophagus was the most common site with a worse prognosis. In clinical practice, the treatment of esophageal second primary tumors (ESPT) in patients with laryngeal squamous cell carcinoma (LSCC) has always been challenging. For patients with synchronous tumors, several treatment modalities, such as radiotherapy, chemotherapy and potentially curative surgery are necessary but are typically poorly tolerated. Secondary cancer therapy options for metachronous patients are always constrained by index cancer treatment indications. Therefore, understanding the clonal origin of the second primary tumor may be an important issue in the treatment of patients. LSCC cells demonstrate genetic instability because of two distinct aetiologies (human papillomavirus (HPV)-negative and HPV-positive) disease. Various etiologies exhibit distinct oncogenic mechanisms, which subsequently impact the tissue microenvironment. The condition of the tissue microenvironment plays a crucial role in determining the destiny and clonal makeup of mutant cells during the initial stages of tumorigenesis. This review focuses on the genetic advances of LSCC, the current research status of SPT, and the influence of key carcinogenesis of HPV-positive and HPV-negative LSCC on clonal evolution of ESPT cells. The objective is to gain a comprehensive understanding of the molecular basis underlying the clonal origins of SPT, thereby offering novel perspectives for future investigations in this field.
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Background
Globally, the number of incidence cases of laryngeal cancer climbed from 132 700 in 1990 to 210 600 in 2017 [1]. In 2018, it was anticipated that 177 000 instances of laryngeal cancer and 95 000 related deaths occurred worldwide [2]. Lin et al. [3] predict the age-standardized incidence of laryngeal cancer from 2019 to 2035, and despite its projected decline, the estimated absolute numbers are still expected to rise, and laryngeal cancer remains a serious health issue globally. Additionally, a growing number of SPTs have been diagnosed as a result of improved diagnostic techniques, which have the potential to progress into various types of cancer, including multicentric cancers affecting the lung, esophagus, and head and neck. Notably, in patients with head and neck cancer, SPTs contribute to a considerable proportion of mortality, accounting for approximately one-fourth to one-third of deaths in this patient population [4]. The prognosis of esophageal cancer is poorer in these SPTs than in other sites of the upper gastrointestinal tract [5]. Furthermore, ESPT is characterized by flat lesions that are readily missed with high-resolution white light endoscopy [6]. Higher prevalence of ESPT, and it has been discovered that the incidence of ESPT in patients with head and neck squamous cell carcinoma (HNSCC) in Asia reached 17.7% (358 of 2627, 95% CI 12.7–22.7), of which 3.4% (19 of 474, 95% CI 1.8–5.4) are ESPT in patients with LSCC [7]. Furthermore, it was observed that patients diagnosed with HNSCC accompanied by SPTs exhibited a significantly lower 15-year survival rate compared to those without SPTs, with rates of 22% and 54% respectively. Additionally, patients with SPTs experienced a particularly unfavorable prognosis, as evidenced by a 5-year survival rate of only 6% for ESPT, in contrast to the 25% survival rate observed in patients with all types of SPTs [8]. Another study corroborated these findings, demonstrating that patients with LSCC who developed SPTs had lower 5-year (68% vs. 76%) and 10-year (26% vs. 57%) overall survival rates, with statistical significance (P = 0.003) [9]. Consequently, the presence of ESPT significantly impacts the survival outcomes of patients diagnosed with LSCC.
Successful treatment of second primary tumors in patients with LSCC is a matter of clinical significance. Another aspect extensively debated in scholarly literature is the clonality of second and index tumors. Cui et al. [10]  used loss of heterozygosity (LOH) analysis to reveal that recurrent LSCC is of monoclonal origin, but Sunpaweravong et al. [11] used a genome-wide SNP array to find a highly inconsistent LOH pattern between LSCC and ESPT, thereby suggesting that ESPT belongs to an independent clonal evolution. Presently, the clonal relationship between LSCC and ESPT has not yet been clearly stated. Furthermore, apart from the evident genomic disparities between HPV-positive and HPV-negative LSCC (Table 1), disparities in crucial oncogenic mechanisms should be taken into account. Molecular modifications play a significant role in the emergence and evolution of tumor cell clones. The pathogenesis of LSCC is different, and the occurrence and development of the disease are also different. Consequently, it is imperative to discuss the clonal relationship between LSCC and ESPT by considering the molecular basis of their distinct etiologies.Table 1Major differences between LSCC by HPV status


	 	HPV-positive LSCC
	HPV-negative LSCC

	Risk factors
	High-risk sexual practices
	Tobacco and alcohol

	P53 pathway disturbances
	Degradation of wt p53 by E6
	TP53 mutations, 17p13LOH

	Mutational burden
	Low
	High

	Rb pathway disturbances
	Degradation of wt Rb by E7
	p16INK4A-promoter hypermethylation, 9p21 LOH

	immune microenvironment
	Hot
	Cold

	Factors mediating cellular transformation
	E6 and E7 hr-HPV oncoproteins
Genomic rearrangements induced by viral genome integration
	Hypermutational status and chromosomal instability induced mainly by alcohol and tobacco carcinogens

	Prognosis: 5-year survival rates
	More favorable
	Less favorable

	Relative responsiveness to chemoradiation
	Better
	Worse

	Relative prognosis
	Improved
	Worse





Genetic progression of LSCC
Squamous cell carcinomas are one of the most common solid cancers involving many anatomical sites in humans, exhibiting a propensity for metastasis and dissemination and constituting a leading cause of mortality worldwide [12]. Histologically, the progression of invasive squamous cell carcinoma follows a sequential pattern, initiating with the proliferation of epithelial cells, succeeded by a range of dysplasia from mild to severe, then progressing to in situ carcinoma, and ultimately culminating in invasive carcinoma [13]. The formation of tumors is widely acknowledged as a highly intricate process that encompasses numerous genes. Tumor suppressor genes and oncogenes are altered genetically and epigenetically during the transition from normal cells to cancer cells [14]. Additionally, tumors usually occur in the precancerous areas of genetically altered cells. The continued presence of these tumor fields following therapy presents a significant difficulty, as it heightens the likelihood of second primary tumors and local recurrence, both of which are significant contributors to mortality [15]. Microsatellite instability is the basis of a unique tumorigenic pathway. Recent investigations have revealed that diminished expression of mismatch DNA repair genes heightens the susceptibility to microsatellite instability, a phenomenon frequently observed in head and neck cancer [16]. LSCC cells demonstrate genetic instability and commonly manifest a diverse array of chromosomal modifications, including translocations, amplifications, and deletions. Although LOH analysis and array comparative genomic hybridization (aCGH) have identified numerous chromosomal regions, the majority of genes within these regions remain unidentified.
Frequent allelic deletions were observed at chromosomal positions 3p, 4q, 9p (p16INK4a), 11q, 13q (Rb), 14q and 17p (TP53) in LSCC patients [10]. Additionally, LOH analysis provides valuable insights into the identification and characterization of tumor suppressor genes and their cloning process [17]. It is worth noting that microsatellite DNA can be inherited across generations. The utilization of LOH analysis can be beneficial in distinguishing between synchronous primary ovarian and endometrial malignancies and single metastatic tumors [18]. Zhu et al. [19] employed LOH analysis to show that two nearby hepatocellular carcinomas looked to be intrahepatic metastases of two original tumors. Recently, Cui et al. [10] used LOH to demonstrate that primary and recurrent LSCC in the same patient have the same allelic deletion pattern and finally concluded that both types of tumors originated from the same clone. LOH analysis provides important clues to the clonal origin of tumor cells.

Current research status of SPT
Most doctors currently adhere to the criteria established by Warren et al. (1932) to define SPT: (a) each tumor must exhibit malignancy, (b) each tumor must be independent, and (c) the possibility of metastasis from one tumor to another must be ruled out. In cases of similar histotypes, SPT was considered when the second tumor was more than 2 cm away from the index tumor or occurred more than three years after the index tumor. However, no agreement was reached on these matters. SPT can be divided into two groups: simultaneous SPT, where both are diagnosed that occur within six months of one another or at the same time; for metachronous SPT, where both are diagnosed more than six months apart. Most SPT is heterochronic and is detected at follow-up after treatment of the first tumor [20]. In fact, SPT, as the name suggests, these tumors develop independently of the primary tumor. However, genetic studies have revealed that in a certain proportion of cases, the two have a certain clonal relationship [21]. It was later suggested that the term “SPT” be assigned to a second tumor that develops completely independently. In cases where both tumors share the same clonal origin, they are referred to as “second field tumors” (SFT). Consequently, there exist three primary mechanisms through which SPT manifests: (1) Micrometastasis (cloning); (2) Arising from a shared oncogenic field (SFT-partial cloning); (3) Independent occurrences (true SPT-non-cloning) [22] (Fig. 1). It is imperative to establish this differentiation as the management of SPT currently poses a formidable clinical challenge.[image: ]
Fig. 1The main mechanisms by which SPT occurs. Normal cells receive one (or more) genetic hits and produce a daughter cell with genetic alterations that gradually replace normal epithelial cells to form a tumor field. When the tumor field expands at the expense of normal epithelial cells, additional genetic alterations occur, prompting the tumor field to develop into obvious cancer and metastasize or the cancer cells to form a second tumor by submucosal spread or intraepithelial migration or to form a polyclone with additional induction


An increasing body of literature has emerged regarding SPTs, with a predominant emphasis on investigating their incidence, treatment, and prognosis. However, limited attention has been given to exploring the clonal relationship between primary tumors and SPTs. Various laboratory techniques, such as karyotyping, cytogenetic methods, TP53 mutations, X-chromosome inactivation, aCGH, LOH, and more recently, whole-genome or exome next-generation sequencing, have been proposed as means to evaluate this clonal relationship [23]. But mutations are cumulative, tend to change during cancer progression, and lack specificity, so the reliability of molecular techniques is in doubt. For instance, LOH analysis can only indicate the proliferation of monoclonal clones when multiple and consistent LOH is observed. Furthermore, the use of aCGH and X-chromosome inactivation is not suitable for routine clinical practice, aCGH is costly and time-consuming, while X-chromosome inactivation is only applicable to female samples [24, 25]. mtDNA is considered to be an effective tool for evaluating the clonal relationship between primary tumors and SPTs, but it also has some limitations [26]. Clonal evolution is a highly intricate phenomenon, and genomics serves as a potent tool for elucidating tumor evolution by enabling the assessment of clonal evolution across spatial and temporal dimensions [27]. One study used integrated multi-omics methodologies such as transcriptomics, whole genome sequencing, and immune cell receptor sequencing to investigate the impact of the spatial organization of the immunological microenvironment on the evolution of ovarian cancer clones [28]. Future research should focus on developing simpler and more precise approaches for determining clonal origins, such as multi-omics strategies, in order to better understand the evolutionary mechanisms of cancer.

Hypothesis of field cancerization
Clinicopathological evidence serves as the established criterion for distinguishing distant metastases from SPT, but this approach is relatively subjective [29]. In 1953, Slaughter et al. introduced the concept of “field cancerization” to explain the pathogenesis of SPT, and it has since undergone further development (Fig. 2). The term “field cancerization” has been extended to encompass various other organs, including the esophagus, oropharynx, stomach, larynx, lungs, anus, colon, cervix, skin, and bladder. Therefore, this description effectively elucidates the theory of multifocal tumor origin. At present, there are two views on the “field cancerization” hypothesis: the first supports a monoclonal origin since “jumping lesions” are always present. That is, the tumor cells expand from the primary site to nearby sites. Although the extent of clonal expansion is unknown, some observations suggest that this process may result in tumor cells extending well beyond the microscopic boundaries of the tumor mass. That surface migration of clonal cells may be widespread even without obvious histopathological changes in the malignancy [30]. Specific genetic alterations occur throughout the airways when exposed to carcinogens, with one genetically altered cell producing a proliferating clone that grows into an expanding area of cancer and gradually replaces the normal mucosa. In this genetically altered area, accumulating other independent genetic alterations provides an additional growth advantage to the cell subpopulation. In the process, eventually, a subclone evolves into aggressive cancer. This is an ongoing evolutionary process, and although they are genetically distinct, they share a common origin [21]. Conversely, the other explanation posits that mutations arise in many epithelial locations as a result of ongoing carcinogen exposure, resulting in multifocal carcinomas or lesions of independent origin [31]. As a result, the interpretation of the clonal relationship between SPT and index tumors based solely on “field cancerization” is divergent and requires further investigation.[image: ]
Fig. 2Timeline: Historical definition of a field cancerized (Cellular basis)



The impact of clonal evolution
Key gene mutations
In the absence of HPV, an increased risk of SPTs was found [32]. Consuming alcohol and smoking are the two most significant risk factors for HPV-negative LSCC and esophageal squamous cell carcinoma (ESCC). These carcinogens can directly damage and mutate DNA, increasing mutational burden, intercellular heterogeneity, and driving mutations [33]. TP53 tumor suppressor mutations have been shown to be the most common genetic variant and stable, well-distributed point mutation (exons 5–8) in LSCC, rendering this mutation a significant predictor of treatment outcome and valuable for clonality assessment [34]. Histopathological studies of ESPT in patients with HPV-negative LSCC have identified small TP53 mutated plaques (less than 200 cells in diameter) that precede the expansion of cancer [35]. But Chen et al. [36] conducted mutation analysis of the TP53 core binding domain and found no clonal relationship between LSCC and ESPT. The mutation pattern observed in the P53 gene exhibits considerable variability, suggesting a polyclonal nature of transformation. It is important to note that tumor development is a multifaceted process, necessitating additional genetic alterations and a large number of stromal cells (inflammatory cells, immune cells, etc.) for the transformation of plaques into extended fields. P53 gene mutations and sustained loss of cell differentiation, along with the entry of cells with damaged DNA into the S phase, lead to altered genetic characteristics and chromosomal aberrations, promoting tumor development [37]. Furthermore, P53 is essential for the repair of DNA damage and the initiation of apoptosis. Consequently, the mutation of the TP53 gene observed in patients with LSCC, attributed to smoking, hinders the timely repair of DNA damage, resulting in the continuous proliferation of cells carrying genetic abnormalities. This uncontrolled proliferation ultimately leads to the hypermutation of tumor cells [38, 39]. While the cancer stem cell hypothesis traditionally opposes the notion of polyclonal tumor origins, the interaction among numerous pluripotent stem cells presents a potential mechanism for polyclonal tumors origins [40].
Some studies have found that alcohol-induced LSCC and ESPT also have an independent origin, particularly in individuals with alcohol-induced facial flushing [41]. The alcoholic flush response is associated with a deficiency of acetaldehyde dehydrogenase (ALDH2), which results from excessive accumulation of acetaldehyde (AD). There is growing evidence that people who lack ALDH2 are at much higher risk of developing LSCC and ESCC from alcohol consumption than those with fully functional ALDH2, while ALDH2 × 1/2 heterozygotes are also at a heightened risk of developing LSCC and ESCC [42]. When significant quantities of AD accumulate in saliva, it results in direct contact between AD and the upper airway mucosa, potentially leading to genetic mutations [43]. AD has the ability to bind to DNA, forming stable DNA adducts that initiate DNA damage. Moreover, if these AD-induced DNA adducts manage to evade cellular repair mechanisms and persist, they can ultimately give rise to coding errors and genomic instability [44]. Genomic instability can have an impact on chromosome structure, chromosome number, and DNA sequence, and in certain cases, it can compromise genomic integrity across multiple levels simultaneously. In extreme cases, resulting in a huge number of mutations in tumor cells, the effects of genetic drift (random loss or immobilization of genotypes) can be amplified so that neutral or even harmful mutants can be retained during enlargement, leading to clonal diversity [45]. Therefore, there is a preference for independent clonal origin between HPV-negative LSCC and ESPT.
HPV-positive tumors behave biologically differently from HPV-negative tumors, thereby influencing the pathophysiology of the disease [46]. The early occurrence of HPV infection is observed in both LSCC and ESCC, with HPV16 being the predominant pathogenic subtype [47, 48]. HPV is a circular, double-stranded DNA virus with a genome size of approximately 8 kb, lacking an envelope, and belonging to the papillomavirus family. This epitheliophilic virus specifically targets basal cells in stratified epithelial tissues in mucosal or cutaneous regions. Infection is initiated when the virus reaches the basal cells and replicates viral DNA via the cellular DNA replication machinery, producing a small number of copies of the circulating virus. The viral genome is organized into three sections: the early genetic region (E), the late genetic region (L), and the long regulatory region (LCR) that connects the two. The late region encodes L1 and L2 proteins, which are responsible for encoding the primary and minor viral capsid proteins, respectively, the early region codes for E1-E5 genes primarily involved in viral genome replication and transcription [49]. It is essential for both E6 and E7 genes to be present in order to induce oncogenic transformation in host cells. Furthermore, the expression of E6 and E7 is typically elevated in advanced precancerous stages, leading to the transformation of infection [50]. The integration of viral DNA into the host cell genome is a crucial step in the progression of HPV to cancer [51].The whole cellular genome, including both gene-rich and gene-poor areas, is subject to viral integration. Initial investigations into viral integration causing cervical lesions indicate that this process is stochastic and may exhibit a preference for microhomologous regions, areas with strong transcriptional activity, common weak sites, or areas near microRNAs (miRNAs) [52]. Integration into or near genes can result in alterations in gene expression through various mechanisms, including the formation of viral-cellular fusion transcripts. However, the precise mechanism remains unclear [53]. Parfenov et al. [54] observed an elevated somatic DNA copy number in the integrated region and reported that HPV viral integration disrupts genetics through multiple crucial pathways, such as the loss of tumor suppressor function, increased expression of oncogenes, and rearrangement of gene expression. It is rare for the P53 gene to be altered in HPV-positive LSCC, which is usually eliminated by E6 [49]. The E6 protein, in a protein-dependent manner, binds to the core region of the P53 protein, resulting in the formation of the E6/E6AP complex. This complex facilitates the degradation of P53 through a ubiquitin-dependent pathway, thereby promoting tumor progression [55]. Additionally, the E7 protein interacts with various cell cycle regulatory proteins, influencing their levels and/or cellular activity. One such interaction involves the high affinity of E7 for pRb, which leads to feedback upregulation of p16INK4A [56]. This upregulation inhibits the interaction between pRb and the transcription factor E2F, which is responsible for controlling cell cycle G1/S changes. Consequently, this disruption of the cell cycle promotes oncogenic transformation and clonal amplification [57]. Moreover, tumor growth exhibits a clonal evolutionary trajectory characterized by sequential clonal amplification, genetic diversification, and clonal selection. The stochastic nature of viral integration sites adds to tumor cell genetic diversity, and integration sites are passed down through clonal amplification [58]. One study revealed the clonal origin of bilateral HPV16-positive tonsillar tumors by viral integration analysis, which finally supported the monoclonal hypothesis [59]. Therefore, based on DNA integration, a key step in HPV viral carcinogenesis, it was found that HPV-positive LSCC secondary to ESPT is likely to be the result of clonal amplification. However, one case study suggests that there may be no clonal relationship between the LSCC and ESPT, and the exact mechanism needs to be further elucidated [60].

Epigenetic changes
Gene expression can be altered through epigenetic modification without altering nucleotide sequences. These changes can impede apoptosis, disrupt the cell cycle, facilitate the growth of precancerous cells, and result in the expansion of clonal cell populations that are susceptible to new carcinogens. Over time, these alterations can accumulate carcinogenic events and contribute to the development of secondary primary tumors [61]. Additionally, epigenetic modifications like histone alterations, DNA methylation, chromatin remodeling, and microRNA can serve as potential indicators of cancer growth and progression [62]. Altered DNA methylation patterns are commonly observed in LSCC. These patterns typically involve the hypermethylation of tumor suppressor oncogenes and the hypomethylation and transcriptional deletion of proto-oncogenes, followed by transcriptional reactivation [63]. In HPV-negative LSCC patients, genes such as CDKN2A, MGMT, MLH1, and DAPK are frequently methylated, resulting in the inhibition of gene transcription and gene silencing [64]. According to the principles of phylogenetic tree analysis, mutations in TP53 and copy number alterations at 3q (contains SOX2), 9p (contains CDKN2A), 11q (contains CCND1), and 2q (contains NFE2L2) are considered to be backbone variants. During the progression from intraepithelial neoplasia to malignancy, certain genes exhibit clonal dominance, resulting in the clonal diversity of tumor cells [65]. Additionally, tobacco smoke and alcohol can modify the cellular chromatin through histone modification and impact gene transcriptions [66]. DNA methylation status plays a crucial role in gene regulation and is closely associated with histone modifications. Active gene expression is linked to histone H3 lysine 9 (H3K9) acetylation and histone H3 lysine 4 (H3K4) biomethylation [67]. Furthermore, it has been observed that smoking and alcohol consumption have the potential to induce genetic damage in miRNA genes, particularly in regions characterized by single nucleotide polymorphisms. These regions are closely linked to the regulation of the P53 gene [68]. In the case of mutant TP53, there is an upregulation of programmed cell death ligand 1 (PD-L1) due to the modulation of miR-34 activity. Conversely, in wild-type TP53 tumor cells, DNA damage leads to an increase in miR-34 expression, which subsequently interacts with the 3’-untranslated region of PD-L1 and suppresses its protein expression. This TP53/miR-34/PD-L1 pathway highlights the significant disparity in PD-L1 production between TP53 mutant tumors and wild-type tumors [69]. It is hypothesized that the higher levels of PD-L1 exhibited by HPV-negative LSCC patients are likely due to the synchronous dual primary LSCC/ESPT with increased TP53 of the mutant type (Fig. 3A).[image: ]
Fig. 3Key oncogenic mechanisms in HPV-negative and HPV-positive laryngeal cancers. A: Smoking and alcohol consumption cause mutations in the TP53 gene and affect DNA methyltransferase (DNMT)-dependent regulation of miRNA expression, leading to tumor transformation. B: By engaging the ubiquitin-protein ligase E3A (E6AP), E6 binds with p53 and promotes its degradation. Ubiquitinated TP53 also causes changes in the expression of miR-16, miR-15a, miR-143, miR-145, and miR-195. Cell cycle protein D1 expression begins when cell growth signaling occurs. Cell cycle protein E then activates CDK2, phosphorylates RB, releases E2F, and initiates cell cycle entry gene transcription


The degree of CpG island DNA methylation in HPV-positive LSCC was found to be significantly higher compared to HPV-negative LSCC. The most researched DNA methyltransferases are DNMT3a, DNMT3b, and DNMT1. It has been observed that the overexpression of DNMT1, DNMT3a, and DNMT3b is induced by the viral proteins E6 and E7, resulting in overall DNA hypermethylation [70]. This epigenetic alteration plays a role in the pathogenesis of respiratory papillomatosis recurrences, with some cases showing clonal changes in the progression of recurrences. Additionally, similar epigenetic events have been identified in two cases of HPV-infected laryngeal benign lesions that progressed to squamous cell carcinomas [71]. In the comparison between HPV-positive LSCC and cervical squamous cell carcinoma, there was an observed increase in the expression of miR-15a, miR-16, miR-195, miR-143, and miR-145. Significant overlap of these differentially expressed microRNAs was also found, suggesting that HPV-dependent microRNA expression disturbances are often present regardless of the anatomical location of the tumor [72]. Further investigations suggest that this miRNA expression may be directly influenced by viral E6 and E7 oncoproteins [73]. According to this research, viral integration events commonly cause host chromatin alterations, which further influence the carcinogenic process of HPV-positive malignancies [74]. The papillomavirus genome is connected with transcriptionally active host chromatin regions throughout the viral life cycle to enhance viral replication, transcription, DNA amplification, and persistence [75]. The primary drivers of these viral oncogenes are the oncoproteins E6 and E7, which not only induce infection but also contribute to epigenetic alterations associated with malignant transformation. These oncoproteins interact with cellular chaperones involved in the interdependent viral and cellular cycles within complexly differentiated epithelia [76]. Overall, HPV-positive LSCC exhibits susceptibility to DNA methylation, and its oncogenic mechanism primarily relies on the oncoproteins E6 and E7. Consequently, it is probable that LSCC and ESPT originate from a shared source and demonstrate shared genetic variations (Fig. 3B).

Tumor microenvironment
The process of cancer cell division, resulting in the emergence of tumor cells, induces notable molecular, cellular, and physical modifications in the surrounding tissues, thereby establishing a tumor microenvironment (TME). This interplay between cancer cells (seeds) and the microenvironment (soil) facilitates the progression of tumor growth  [77]. TME is not totally homogeneous, as different regions of the tumor may exhibit diverse blood densities, lymphovascular networks, immune infiltrating cell populations, and extracellular matrix compositions. External oncogenic factors can not only modulate cell signaling to directly cause phenotypic diversity in tumor cells but can also act as selection pressures, leading to regional heterogeneity and supporting the cloning of cells that proliferate efficiently in the context of a given microenvironment [78]. For example, tumor cells with the same genotype within a clone can exhibit varied behavior in response to alterations in the microenvironment (such as hypoxia, immune monitoring, and additional extrinsic variables), leading to intratumor heterogeneity [79]. Likewise, microenvironmental factors, such as the proximity of cancer cells to cancer-associated fibroblasts or hypoxia, can affect the “quiescence” of cancer cells, causing the cells to exhibit more or less stem cell-like behavior. In addition, it is becoming clear that host-tumor reactivity, as mediated by immune cells in the tumor microenvironment, is important for tumor formation [80]. The immune cell-mediated host-tumor reactivity within the TME establishes a foundation for the development of clonal tumors.
For LSCC, although both HPV-negative and HPV-positive LSCC are among the cancer types with the highest immune filtration rates, the degree and composition of immune cell infiltration vary depending on the etiology [81, 82] (Fig. 4). HPV-negative LSCC is characterized by a “cold” immune response, while the presence of numerous random mutations or overexpression of cellular genes contributes to intra-tumoral immune heterogeneity [83]. Reduced numbers of dendritic cells, a subpopulation of specialized antigen-presenting cells that drive T-cell differentiation, were seen in the interstitial tumor region of smoking patients. Defects in dendritic cell maturation also affect regulatory T cells as immature dendritic cells transform into gene-tolerant dendritic cells and secrete higher levels of TGF-β1, activates naive T cells to become Treg cells [84]. TGF-β expression in the larynx is reported to be higher in malignancies than in dysplastic lesions, and it may be a valuable diagnostic for malignant transformation [85]. In addition, smoking leads to less infiltration of activated cytotoxic T lymphocytes (CTLs) in intraepithelial and mesenchymal areas, thereby suppressing the immune response to TME during smoking exposure [86]. To put it another way, smoking is highly likely to weaken the immunological response mediated by T cells. T cells are critical mediators of the adaptive immune response, and an imbalanced or incorrect T cell response may contribute to cancer progression and other immune disorders. Essentially, carcinogen exposure prevents the differentiation and maturation of precursors and progenitors. Under selection pressures, proliferating cells of any differentiation stage can be susceptible to introducing and accumulating mutations, and accumulate sufficient driver mutations to get the benefits of clonal proliferation [87]. Therefore, monitoring the functional status of T cells is particularly important in HPV-negative LSCC. Furthermore, we need to understand how damage changes the tissue microenvironment and why some mutations can be both harmful and advantageous to cells depending on the tissue microenvironment.[image: ]
Fig. 4The outcome of clonal competition between HPV-positive and HPV-negative laryngeal cancers. In general, wild-type normal cells (green) are preferred over mutant cells (yellow). Nevertheless, alterations in the tumor immune microenvironment resulting from distinct etiologies (HPV-positive cell exhibiting “hot” immunity and HPV-negative cell exhibiting “cold” immunity) may grant a competitive edge to mutant cells, enabling them to surpass wild-type cells and establish dominance within the field. Consequently, mutant normal cells undergo further transformation into tumor cells (red) under the influence of the surrounding environment and subsequently remaining competitive


HPV-positive LSCC has been found to exhibit a higher abundance of Tc17 lymphocytes, naive CD4 + T cells, infiltrating CD8 + T cells, bone marrow dendritic cells, and TIL cells compared to HPV-negative LSCC [82]. It has been demonstrated that a high density of tumor-infiltrating CD8 + T cells has been shown to be indicative of favorable clinical outcomes in various cancer types, including laryngeal cancer [88]. There is controversy over CD4 + T cells’ role in anti-cancer immunity, although most studies suggest that tumor-infiltrating CD4 + T cells may serve as a prognostic marker for Treg, a crucial mediator of tumor immunosuppression [89]. During the early stages of HPV infection, the expression of E5 allows the virus to evade detection by anti-viral CD4 + and CD8 + T cells. This evasion mechanism leads to increased viral persistence, replication, and spread to neighboring cells, ultimately contributing to malignant transformation [90]. Moreover, cell cultures derived from HPV-positive LSCC patients exhibit significantly elevated levels of chemokines, including CXCL21, CXCL17, CXCL12, CCL10, and CCL9, as well as slightly higher levels of cytokines such as IL-23, IL-17, IL-2, and IFN-γ. These chemokines not only play a role in establishing a pro-tumor microenvironment and facilitating organ-directed metastasis, but also contribute to disease progression [91]. HPV-positive LSCC patients showed more mDCs and slightly more pDCs and monocytes/macrophages [82]. Abundant CD68 + macrophages are related with lymph node metastases, extraperitoneal dissemination, and advanced disease [92]. All of these were attributed to the persistent expression of E6 and E7 oncoproteins, finally leading to the immune escape of tumor cells and a more malignant phenotype [77]. Overall, HPV-positive LSCC demonstrates heightened activation and infiltration of immune cells, leading to stromal alterations that exert a direct influence on the adjacent tissues, thereby facilitating the phenomenon of field cancerization and ultimately fostering the proliferation of malignant clones. Consequently, the persistent expression of the early proteins E6 and E7, in LSCC presents a promising target for immunotherapeutic interventions.


Conclusions
An extremely common tumor in the upper aero-digestive tract, LSCC develops in a multistep process that begins with epithelial precursor lesions. This process appears to be influenced by genetic mutations, epigenetic changes, and microenvironmental changes. The occurrence of SPT in patients with LSCC is becoming increasingly common. Additionally, the clonal relationship between the two has been difficult to resolve posing a significant challenge to clinical diagnosis and treatment. So, understanding the clonal origin of cancer is critical to advancing personalized cancer treatment and reducing cancer mortality. In cases where the progenitor clone carries a genetic defect targeting a therapeutic pathway, monotherapy for cancer may be justified. However, if a patient’s tumor develops through multiclonal initiation, molecularly targeted monotherapy is unsuccessful in treating the patient. This is because the small number of untargeted clones may drive therapeutic resistance. Thus, establishing a clonal link between SPT and the index tumor is more than just a classification problem, it also provides fresh insights into the patient’s tumor biology and can influence the treatment and prognosis of the SPT. Given the unique biology of LSCC, this review thoroughly examines the clonal relationship between SPT and the index tumor in terms of the oncogenic mechanisms of the major risk factors, concluding that the HPV-negative LSCC are likely to present with dual primary independent origin LSCC/ESPT, whereas HPV-positive LSCC complicated by ESPT mostly supports the monoclonal hypothesis. In fact, the mechanisms underlying the transfer of seeds and the dynamics of evolutionary clonality in the presence of immune stress and epigenetic alterations are not yet fully understood. In future research, more in-depth exploration of the origin of tumor clones is needed to identify simpler and more accurate ways to assess the origin of clones to develop rational treatment plans and improve patient survival.

Acknowledgements
This work was supported by grants from the National Nature Science Foundation of China (82072985), Postdoctoral Scientific. Research Developmental Fund of Heilongjiang Province (LBH-Q18076), the N10 Found project of Harbin Medical University Cancer Hospital (2017-03), Science and Technology Innovation Base Award Program of Heilongjiang Province (GY2023JD0002), Wu-Jieping Medical Foundation(320.6750.19089-22,320.6750.19089-48), Beijing Medical Award Foundation (YXJL-2019-1416-0069), Hai Yan Youth Fund of Harbin Medical University Cancer Hospital (JJQN2021-02), the Fund amental Research Funds for the Provincial Universities (2021-KYYWF-0253), Natural Science Foundation of Heilongjiang Province (LH2021H066). Scientific research project of the HeiLongjiang Provincial Health Commission (20210808020126). We also thank Figdraw for the drawing platform.

Author contributions
All authors contributed to writing the manuscript and approved the final version.

Declarations
Competing interests
The authors declare that they have no competing interests.


References
	1.
Wang JY, Zhang QW, Wen K, et al. Temporal trends in incidence and mortality rates of laryngeal cancer at the global, regional and national levels, 1990–2017. BMJ Open. 2021;11(10):e050387. https://​doi.​org/​10.​1136/​bmjopen-2021-050387.CrossrefPubMedPubMedCentral

	2.
Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Cancer J Clin. 2018;68(6):394–424. https://​doi.​org/​10.​3322/​caac.​21492.Crossref

	3.
Lin C, Cheng W, Liu X, et al. The global, regional, national burden of laryngeal cancer and its attributable risk factors (1990–2019) and predictions to 2035. Eur J Cancer Care. 2022;31(6):e13689. https://​doi.​org/​10.​1111/​ecc.​13689.Crossref

	4.
Gong EJ, Kim DH, Ahn JY, et al. Routine endoscopic screening for synchronous esophageal neoplasm in patients with head and neck squamous cell carcinoma: a prospective study. Dis Esophagus. 2016;29(7):752–9. https://​doi.​org/​10.​1111/​dote.​12404.CrossrefPubMed

	5.
Atienza JA, Dasanu CA. Incidence of second primary malignancies in patients with treated head and neck cancer: a comprehensive review of literature. Curr Med Res Opin. 2012;28(12):1899–909. https://​doi.​org/​10.​1185/​03007995.​2012.​746218.CrossrefPubMed

	6.
Goda K, Dobashi A, Yoshimura N, et al. Narrow-band imaging magnifying endoscopy versus lugol chromoendoscopy with pink-color sign assessment in the diagnosis of superficial esophageal squamous neoplasms: a randomised noninferiority trial. Gastroenterol Res Pract. 2015;2015:639462. https://​doi.​org/​10.​1155/​2015/​639462.CrossrefPubMedPubMedCentral

	7.
Bugter O, van de Ven SEM, Hardillo JA, et al. Early detection of esophageal second primary tumors using Lugol chromoendoscopy in patients with head and neck cancer: a systematic review and meta-analysis. Head Neck. 2019;41(4):1122–30. https://​doi.​org/​10.​1002/​hed.​25548.CrossrefPubMed

	8.
Chung CS, Liao LJ, Wu CY, et al. Endoscopic screening for second primary tumors of the esophagus among head and neck cancer patients. Front Oncol. 2022Jun;7(12):906125. https://​doi.​org/​10.​3389/​fonc.​2022.​906125.Crossref

	9.
Fujita M, Rudoltz MS, Canady DJ, et al. Second malignant neoplasia in patients with T1 glottic cancer treated with radiation. Laryngoscope. 1998;108(12):1853–5. https://​doi.​org/​10.​1097/​00005537-199812000-00016.CrossrefPubMed

	10.
Cui Z, Pan X, Wang Q. LOH detected by microsatellite markers reveals the clonal origin of recurrent laryngeal squamous cell carcinoma. PLoS ONE. 2014;9(11):e111857. https://​doi.​org/​10.​1371/​journal.​pone.​0111857.CrossrefPubMedPubMedCentral

	11.
Sunpaweravong S, Bunbanjerdsuk S, Pongrujikorn T, et al. Clonal relationship of synchronous head and neck cancer and esophageal cancer assessed by single nucleotide polymorphism-based loss of heterozygosity analysis. BMC Cancer. 2019;19(1):1174. https://​doi.​org/​10.​1186/​s12885-019-6394-6.CrossrefPubMedPubMedCentral

	12.
Dotto GP, Rustgi AK. Squamous cell cancers: a unified perspective on biology and genetics. Cancer Cell. 2016;29(5):622–37. https://​doi.​org/​10.​1016/​j.​ccell.​2016.​04.​004.CrossrefPubMedPubMedCentral

	13.
Johnson DE, Burtness B, Leemans CR, et al. Head and neck squamous cell carcinoma. Nat Rev Dis Primers. 2020;6(1):92. https://​doi.​org/​10.​1038/​s41572-020-00224-3.CrossrefPubMedPubMedCentral

	14.
Hong W, Zhang Y. Advances on driver oncogenes of squamous cell lung cancer. Zhongguo Fei Ai Za Zhi. 2014;17(5):433–6. https://​doi.​org/​10.​3779/​j.​issn.​1009-3419.​2015.​01.​07.CrossrefPubMed

	15.
Leemans CR, Braakhuis BJ, Brakenhoff RH. The molecular biology of head and neck cancer. Nat Rev Cancer. 2011;11(1):9–22. https://​doi.​org/​10.​1038/​nrc2982.CrossrefPubMed

	16.
Pereira CS, Oliveira MV, Barros LO, et al. Low expression of MSH2 DNA repair protein is associated with poor prognosis in head and neck squamous cell carcinoma. J Appl Oral Sci. 2013;21(5):416–21. https://​doi.​org/​10.​1590/​1679-775720130206.CrossrefPubMedPubMedCentral

	17.
Smukowski HC. Loss of Heterozygosity and Its Importance in Evolution. J Mol Evol. 2023;91(3):369–77. https://​doi.​org/​10.​1007/​s00239-022-10088-8.Crossref

	18.
Takai N, Kai K, Tsuno A, et al. Synchronous ovarian endometrioid adenocarcinoma with a functioning stroma and endometrial endometrioid adenocarcinoma by different loss of heterozygosity findings. Arch Gynecol Obstet. 2011;284(4):951–5. https://​doi.​org/​10.​1007/​s00404-010-1725-5.CrossrefPubMed

	19.
Zhu Z, Zhu HF, Gu YJ, et al. Two closely neighboring hepatocellular carcinomas mimicking Intrahepatic metastasis are confirmed as double primary tumors by the loss of heterozygosity analysis of microsatellites. Chin Med J (Engl). 2013;126(16):3187–9.PubMed

	20.
Hong WK, Lippman SM, Itri LM, et al. Prevention of second primary tumors with isotretinoin in squamous-cell carcinoma of the head and neck. N Engl J Med. 1990;323(12):795–801. https://​doi.​org/​10.​1056/​NEJM199009203231​205.CrossrefPubMed

	21.
Tabor MP, Brakenhoff RH, Ruijter-Schippers HJ, et al. Multiple head and neck tumors frequently originate from a single preneoplastic lesion. Am J Pathol. 2002;161(3):1051–60. https://​doi.​org/​10.​1016/​S0002-9440(10)64266-6.CrossrefPubMedPubMedCentral

	22.
Giefing M, Rydzanicz M, Szukala K, et al. Second primary tumors (SPT) of head and neck: distinguishing of “true” SPT from micrometastasis by LOH analysis of selected chromosome regions. Neoplasma. 2005;52(5):374–80.PubMed

	23.
Ha PK, Califano JA. The molecular biology of mucosal field cancerization of the head and neck. Crit Rev Oral Biol Med. 2003;14(5):363–9. https://​doi.​org/​10.​1177/​1544111303014005​06.CrossrefPubMed

	24.
Vékony H, Leemans CR, Ylstra B, et al. Salivary gland carcinosarcoma: oligonucleotide array CGH reveals similar genomic profiles in epithelial and mesenchymal components. Oral Oncol. 2009;45(3):259–65. https://​doi.​org/​10.​1016/​j.​oraloncology.​2008.​05.​009.CrossrefPubMed

	25.
Diaz-Cano SJ, Blanes A, Wolfe HJ. PCR techniques for clonality assays. Diagn Mol Pathol. 2001;10(1):24–33. https://​doi.​org/​10.​1097/​00019606-200103000-00005.CrossrefPubMed

	26.
Gissi DB, Tarsitano A, Leonardi E, et al. Clonal analysis as a prognostic factor in multiple oral squamous cell carcinoma. Oral Oncol. 2017;67:131–7. https://​doi.​org/​10.​1016/​j.​oraloncology.​2017.​02.​017.CrossrefPubMed

	27.
Williams MJ, Sottoriva A, Graham TA. Measuring clonal evolution in cancer with genomics. Annu Rev Genomics Hum Genet. 2019;20:309–29. https://​doi.​org/​10.​1146/​annurev-genom-083117-021712.CrossrefPubMed

	28.
Zhang AW, McPherson A, Milne K, et al. Interfaces of malignant and immunologic clonal dynamics in ovarian cancer. Cell. 2018;173(7):1755-1769.e22. https://​doi.​org/​10.​1016/​j.​cell.​2018.​03.​073.CrossrefPubMed

	29.
Montebugnoli L, Leonardi E, Morandi L, et al. Genetic relationship between multiple squamous cell carcinomas arising in the oral cavity. Head Neck. 2014;36(1):94–100. https://​doi.​org/​10.​1002/​hed.​23259.CrossrefPubMed

	30.
Franklin WA, Gazdar AF, Haney J, et al. Widely dispersed p53 mutation in respiratory epithelium. A novel mechanism for field carcinogenesis. J Clin Invest. 1997;100(8):2133–7. https://​doi.​org/​10.​1172/​JCI119748.CrossrefPubMedPubMedCentral

	31.
Angadi PV, Savitha JK, Rao SS, et al. Oral field cancerization: current evidence and future perspectives. Oral Maxillofac Surg. 2012;16(2):171–80. https://​doi.​org/​10.​1007/​s10006-012-0317-x.CrossrefPubMed

	32.
Salcedo-Bellido I, Requena P, Mateos R, et al. Factors associated with the development of second primary tumours in head and neck cancer patients. Eur J Cancer Care (Engl). 2022;31(6):e13699. https://​doi.​org/​10.​1111/​ecc.​13699.CrossrefPubMed

	33.
Pan SY, Huang CP, Chen WC. Synchronous/metachronous multiple primary malignancies: review of associated risk factors. Diagnostics (Basel). 2022;12(8):1940. https://​doi.​org/​10.​3390/​diagnostics12081​940.CrossrefPubMed

	34.
Zhou G, Liu Z, Myers JN. TP53 Mutations in head and neck squamous cell carcinoma and their impact on disease progression and treatment response. J Cell Biochem. 2016;117(12):2682–92. https://​doi.​org/​10.​1002/​jcb.​25592.CrossrefPubMedPubMedCentral

	35.
Sabharwal R, Mahendra A, Moon NJ, et al. Genetically altered fields in head and neck cancer and second field tumor. South Asian J Cancer. 2014;3(3):151–3. https://​doi.​org/​10.​4103/​2278-330X.​136766.CrossrefPubMedPubMedCentral

	36.
Chen TC, Wu CT, Wang CP, et al. The differences of immunologic and TP53 mutant phenotypes between synchronous and metachronous head and neck cancer and esophageal cancer. Oral Oncol. 2020;111:104945. https://​doi.​org/​10.​1016/​j.​oraloncology.​2020.​104945.CrossrefPubMed

	37.
Williams AB, Schumacher B. p53 in the DNA-damage-repair process. Cold Spring Harb Perspect Med. 2016;6(5):a026070. https://​doi.​org/​10.​1101/​cshperspect.​a026070.CrossrefPubMedPubMedCentral

	38.
Baran K, Yang M, Dillon CP, et al. The proline rich domain of p53 is dispensable for MGMT-dependent DNA repair and cell survival following alkylation damage. Cell Death Differ. 2017;24(11):1925–36. https://​doi.​org/​10.​1038/​cdd.​2017.​116.CrossrefPubMedPubMedCentral

	39.
Stanta G, Jahn SW, Bonin S, et al. Tumour heterogeneity: principles and Practical consequences. Virchows Arch. 2016;469(4):371–84. https://​doi.​org/​10.​1007/​s00428-016-1987-9.CrossrefPubMed

	40.
Parsons BL. Multiclonal tumor origin: Evidence and implications. Mutat Res Rev Mutat Res. 2018;777:1–18. https://​doi.​org/​10.​1016/​j.​mrrev.​2018.​05.​001.CrossrefPubMed

	41.
Ko JM, Guo C, Liu C, et al. Clonal relationship and alcohol consumption-associated mutational signature in synchronous hypopharyngeal tumours and oesophageal squamous cell carcinoma. Br J Cancer. 2022;127(12):2166–74. https://​doi.​org/​10.​1038/​s41416-022-01995-0.CrossrefPubMedPubMedCentral

	42.
Chen CH, Wang WL, Hsu MH, et al. Alcohol Consumption, ALDH2 polymorphism as risk factors for upper aerodigestive tract cancer progression and prognosis. Life (Basel). 2022;12(3):348. https://​doi.​org/​10.​3390/​life12030348.CrossrefPubMed

	43.
Amanuma Y, Ohashi S, Itatani Y, et al. Protective role of ALDH2 against acetaldehyde-derived DNA damage in oesophageal squamous epithelium. Sci Rep. 2015;5:14142. https://​doi.​org/​10.​1038/​srep14142.CrossrefPubMedPubMedCentral

	44.
Mizumoto A, Ohashi S, Hirohashi K, et al. Molecular mechanisms of acetaldehyde-mediated carcinogenesis in squamous epithelium. Int J Mol Sci. 2017;18(9):1943. https://​doi.​org/​10.​3390/​ijms180919.CrossrefPubMedPubMedCentral

	45.
Burrell RA, McGranahan N, Bartek J, et al. The causes and consequences of genetic heterogeneity in cancer evolution. Nature. 2013;501(7467):338–45. https://​doi.​org/​10.​3390/​ijms18091943.CrossrefPubMed

	46.
Dong H, Shu X, Xu Q, et al. Current status of human papillomavirus-related head and neck cancer: from viral genome to patient care. Virol Sin. 2021;36(6):1284–302. https://​doi.​org/​10.​1007/​s12250-021-00413-8.CrossrefPubMedPubMedCentral

	47.
Chen X, Gao L, Sturgis EM, et al. HPV16 DNA and integration in normal and malignant epithelium: implications for the etiology of laryngeal squamous cell carcinoma. Ann Oncol. 2017;28(5):1105–10. https://​doi.​org/​10.​1093/​annonc/​mdx027.CrossrefPubMedPubMedCentral

	48.
Hu J, Ji Y, Miao T, et al. HPV 16 E6 promotes growth and metastasis of esophageal squamous cell carcinoma cells in vitro. Mol Biol Rep. 2023;50(2):1181–90. https://​doi.​org/​10.​1007/​s11033-022-07952-7.CrossrefPubMed

	49.
Balaji D, Kalarani IB, Mohammed V, et al. Potential role of human papillomavirus proteins associated with the development of cancer. Virusdisease. 2022;33(3):322–33. https://​doi.​org/​10.​1007/​s13337-022-00786-8.CrossrefPubMedPubMedCentral

	50.
Prigge ES, von Knebel DM, Reuschenbach M. Clinical relevance and implications of HPV-induced neoplasia in different anatomical locations. Mutat Res Rev Mutat Res. 2017;772:51–66. https://​doi.​org/​10.​1016/​j.​mrrev.​2016.​06.​005.CrossrefPubMed

	51.
Speel EJ. HPV integration in head and neck squamous cell carcinomas: cause and consequence. Recent Res Cancer Res. 2017;206:57–72. https://​doi.​org/​10.​1007/​978-3-319-43580-0_​4.Crossref

	52.
Hu Z, Zhu D, Wang W, et al. Genome-wide profiling of HPV integration in cervical cancer identifies clustered genomic hot spots and a potential microhomology-mediated integration mechanism. Nat Genet. 2015;47(2):158–63. https://​doi.​org/​10.​1038/​ng.​3178.CrossrefPubMed

	53.
Huebbers CU, Verhees F, Poluschkin L, et al. Upregulation of AKR1C1 and AKR1C3 expression in OPSCC with integrated HPV16 and HPV-negative tumors is an indicator of poor prognosis. Int J Cancer. 2019;144(10):2465–77. https://​doi.​org/​10.​1002/​ijc.​31954.CrossrefPubMed

	54.
Parfenov M, Pedamallu CS, Gehlenborg N, et al. Characterization of HPV and host genome interactions in primary head and neck cancers. Proc Natl Acad Sci USA. 2014;111(43):15544–9. https://​doi.​org/​10.​1073/​pnas.​1416074111.CrossrefPubMedPubMedCentral

	55.
Martinez-Zapien D, Ruiz FX, Poirson J, et al. Structure of the E6/E6AP/p53 complex required for HPV-mediated degradation of p53. Nature. 2016;529(7587):541–5. https://​doi.​org/​10.​1038/​nature16481.CrossrefPubMedPubMedCentral

	56.
Tomaić V. Functional roles of E6 and E7 oncoproteins in HPV-induced malignancies at diverse anatomical sites. Cancers. 2016;8(10):95. https://​doi.​org/​10.​3390/​cancers8100095.CrossrefPubMedPubMedCentral

	57.
Rajasekaran N, Jung HS, Bae SH, et al. Effect of HPV E6/E7 siRNA with chemotherapeutic agents on the regulation of TP53/E2F dynamic behavior for cell fate decisions. Neoplasia. 2017;19(10):735–49. https://​doi.​org/​10.​1016/​j.​neo.​2017.​07.​005.CrossrefPubMedPubMedCentral

	58.
Chen X, Kost J, Sulovari A, et al. A virome-wide clonal integration analysis platform for discovering cancer viral etiology. Genome Res. 2019;29(5):819–30. https://​doi.​org/​10.​1101/​gr.​242529.​118.CrossrefPubMedPubMedCentral

	59.
Pinatti LM, Walline HM, Carey TE, et al. Viral integration analysis reveals likely common clonal origin of bilateral hpv16-positive, p16-positive tonsil tumors. Arch Clin Med Case Rep. 2020;4(4):680–96. https://​doi.​org/​10.​26502/​acmcr.​96550248.CrossrefPubMedPubMedCentral

	60.
Wang WL, Wang YC, Chang CY, et al. Human papillomavirus infection on initiating synchronous esophageal neoplasia in patients with head and neck cancer. Laryngoscope. 2016;126(5):1097–102. https://​doi.​org/​10.​1002/​lary.​25728.CrossrefPubMed

	61.
Vogt G. Environmental adaptation of genetically uniform organisms with the help of epigenetic mechanisms-an insightful perspective on ecoepigenetics. Epigenomes. 2022;7(1):1. https://​doi.​org/​10.​3390/​epigenomes701000​1.CrossrefPubMedPubMedCentral

	62.
Nebbioso A, Tambaro FP, Dell’Aversana C, et al. Cancer epigenetics: Moving forward. PLoS Genet. 2018;14(6):e1007362. https://​doi.​org/​10.​1371/​journal.​pgen.​1007362.CrossrefPubMedPubMedCentral

	63.
Falco M, Tammaro C, Takeuchi T, et al. Overview on molecular biomarkers for laryngeal cancer: looking for new answers to an old problem. Cancers. 2022;14(7):1716. https://​doi.​org/​10.​3390/​cancers14071716.CrossrefPubMedPubMedCentral

	64.
Pierini S, Jordanov SH, Mitkova AV, et al. Promoter hypermethylation of CDKN2A, MGMT, MLH1, and DAPK genes in laryngeal squamous cell carcinoma and their associations with clinical profiles of the patients. Head Neck. 2014;36(8):1103–8. https://​doi.​org/​10.​1002/​hed.​23413.CrossrefPubMed

	65.
Liu X, Zhang M, Ying S, et al. Genetic alterations in esophageal tissues from squamous dysplasia to carcinoma. Gastroenterology. 2017;153(1):166–77. https://​doi.​org/​10.​1053/​j.​gastro.​2017.​03.​033.CrossrefPubMed

	66.
Mansoori AA, Jain SK. Molecular links between alcohol and tobacco induced dna damage, gene polymorphisms and patho-physiological consequences: a systematic review of hepatic carcinogenesis. Asian Pac J Cancer Prev. 2015;16(12):4803–12. https://​doi.​org/​10.​7314/​apjcp.​2015.​1612.​4803.CrossrefPubMed

	67.
Yang J, Zhu XB, He LX, et al. Clinical significance of epigenetic silencing and re-expression of O6-methylguanine-DNA methyltransferase using epigenetic agents in laryngeal carcinoma. Oncol Lett. 2015;9(1):35–42. https://​doi.​org/​10.​3892/​ol.​2014.​2662.CrossrefPubMed

	68.
Russ R, Slack FJ. Cigarette-smoke-induced dysregulation of microRNA expression and its role in lung carcinogenesis. Pulm Med. 2012;2012:791234. https://​doi.​org/​10.​1155/​2012/​791234.CrossrefPubMed

	69.
Cortez MA, Ivan C, Valdecanas D, et al. PDL1 Regulation by p53 via miR-34. J Natl Cancer Inst. 2015;108(1):djv303. https://​doi.​org/​10.​1093/​jnci/​djv303.CrossrefPubMedPubMedCentral

	70.
Camuzi D, Buexm LA, Lourenço SQC, et al. HPV infection leaves a DNA methylation signature in oropharyngeal cancer affecting both coding genes and transposable elements. Cancers. 2021;13(14):3621. https://​doi.​org/​10.​3390/​cancers13143621.CrossrefPubMedPubMedCentral

	71.
Stephen JK, Chen KM, Shah V, et al. Consistent DNA hypermethylation patterns in laryngeal papillomas. Int J Head Neck Surg. 2010;1(2):69–77. https://​doi.​org/​10.​5005/​jp-journals-10001-1013.CrossrefPubMedPubMedCentral

	72.
Lajer CB, Garnæs E, Friis-Hansen L, et al. The role of miRNAs in human papilloma virus (HPV)-associated cancers: bridging between HPV-related head and neck cancer and cervical cancer. Br J Cancer. 2012;106(9):1526–34. https://​doi.​org/​10.​1038/​bjc.​2012.​109.CrossrefPubMedPubMedCentral

	73.
Zheng ZM, Wang X. Regulation of cellular miRNA expression by human papillomaviruses. Biochim Biophys Acta. 2011;1809(11–12):668–77. https://​doi.​org/​10.​1016/​j.​bbagrm.​2011.​05.​005.CrossrefPubMedPubMedCentral

	74.
Castro-Oropeza R, Piña-Sánchez P. Epigenetic and transcriptomic regulation landscape in HPV+ cancers: biological and clinical implications. Front Genet. 2022;13:886. https://​doi.​org/​10.​3389/​fgene.​2022.​886613.Crossref

	75.
Della Fera AN, Warburton A, Coursey TL, et al. Persistent human papillomavirus infection. Viruses. 2021;13(2):321. https://​doi.​org/​10.​3390/​v13020321.CrossrefPubMedPubMedCentral

	76.
Durzynska J, Lesniewicz K, Poreba E. Human papillomaviruses in epigenetic regulations. Mutat Res Rev Mutat Res. 2017;772:36–50. https://​doi.​org/​10.​1016/​j.​mrrev.​2016.​09.​006.CrossrefPubMed

	77.
Gameiro SF, Evans AM, Mymryk JS. The tumor immune microenvironments of HPV+ and HPV- head and neck cancers. WIREs Mech Dis. 2022;14(2):e1539. https://​doi.​org/​10.​1002/​wsbm.​1539.CrossrefPubMed

	78.
Burrell RA, Swanton C. Tumour heterogeneity and the evolution of polyclonal drug resistance. Mol Oncol. 2014;8(6):1095–111. https://​doi.​org/​10.​1016/​j.​molonc.​2014.​06.​005.CrossrefPubMedPubMedCentral

	79.
Apostoli AJ, Ailles L. Clonal evolution and tumor-initiating cells: new dimensions in cancer patient treatment. Crit Rev Clin Lab Sci. 2016;53(1):40–51. https://​doi.​org/​10.​3109/​10408363.​2015.​1083944.CrossrefPubMed

	80.
Vermeulen L, De Sousa E, Melo F, van der Heijden M, et al. Wnt activity defines colon cancer stem cells and is regulated by the microenvironment. Nat Cell Biol. 2010;12(5):468–76. https://​doi.​org/​10.​1038/​ncb2048.CrossrefPubMed

	81.
Partlová S, Bouček J, Kloudová K, et al. Distinct patterns of intratumoral immune cell infiltrates in patients with HPV-associated compared to non-virally induced head and neck squamous cell carcinoma. Oncoimmunology. 2015;4(1):e965570. https://​doi.​org/​10.​4161/​21624011.​2014.​965570.CrossrefPubMedPubMedCentral

	82.
Mandal R, Şenbabaoğlu Y, Desrichard A, et al. The head and neck cancer immune landscape and its immunotherapeutic implications. JCI Insight. 2016;1(17):e89829. https://​doi.​org/​10.​1172/​jci.​insight.​89829.CrossrefPubMedPubMedCentral

	83.
Cillo AR, Kürten CHL, Tabib T, et al. Immune landscape of viral- and carcinogen-driven head and neck cancer. Immunity. 2020;52(1):183-199.e9. https://​doi.​org/​10.​1016/​j.​immuni.​2019.​11.​014.CrossrefPubMedPubMedCentral

	84.
Kushwah R, Wu J, Oliver JR, et al. Uptake of apoptotic DC converts immature DC into tolerogenic DC that induce differentiation of Foxp3+ Treg. Eur J Immunol. 2010;40(4):1022–35. https://​doi.​org/​10.​1002/​eji.​200939782.CrossrefPubMedPubMedCentral

	85.
Kapral M, Strzalka B, Kowalczyk M, et al. Transforming growth factor beta isoforms (TGF-beta1, TGF-beta2, TGF-beta3) messenger RNA expression in laryngeal cancer. Am J Otolaryngol. 2008;29(4):233–7. https://​doi.​org/​10.​1016/​j.​amjoto.​2007.​08.​003.CrossrefPubMed

	86.
Wang G, Pan C, Cao K, et al. Impacts of cigarette smoking on the tumor immune microenvironment in esophageal squamous cell carcinoma. J Cancer. 2022;13(2):413–25. https://​doi.​org/​10.​7150/​jca.​65400.CrossrefPubMedPubMedCentral

	87.
Liggett LA, DeGregori J. Changing mutational and adaptive landscapes and the genesis of cancer. Biochim Biophys Acta Rev Cancer. 2017;1867(2):84–94. https://​doi.​org/​10.​1016/​j.​bbcan.​2017.​01.​005.CrossrefPubMed

	88.
Kocián P, Šedivcová M, Drgáč J, et al. Tumor-infiltrating lymphocytes and dendritic cells in human colorectal cancer: their relationship to KRAS mutational status and disease recurrence. Hum Immunol. 2011;72(11):1022–8. https://​doi.​org/​10.​1016/​j.​humimm.​2011.​07.​312.CrossrefPubMed

	89.
Sakai R, Komai K, Iizuka-Koga M, et al. Regulatory T Cells: pathophysiological roles and clinical applications. Keio J Med. 2020;69(1):1–15. https://​doi.​org/​10.​2302/​kjm.​2019-0003-OA.CrossrefPubMed

	90.
Hemmat N, Baghi HB. Human papillomavirus E5 protein, the undercover culprit of tumorigenesis. Infect Agent Cancer. 2018;13:31. https://​doi.​org/​10.​1186/​s13027-018-0208-3.CrossrefPubMedPubMedCentral

	91.
Israr M, DeVoti JA, Papayannakos CJ, et al. Role of chemokines in HPV-induced cancers. Semin Cancer Biol. 2022;87:170–83. https://​doi.​org/​10.​1016/​j.​semcancer.​2022.​11.​010.CrossrefPubMed

	92.
Bisheshar SK, van der Kamp MF, de Ruiter EJ, et al. The prognostic role of tumor associated macrophages in squamous cell carcinoma of the head and neck: a systematic review and meta-analysis. Oral Oncol. 2022;135:106227. https://​doi.​org/​10.​1016/​j.​oraloncology.​2022.​106227.CrossrefPubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/13027_2023_558_Fig3_HTML.png
mtpS3 induces genome instability

DNA
damage
response

MiRNA

rm""\——»

/mv \
. HPYV Integration
" N into Host Genome
A L \
r

HPV £ HPV

-

~———

\_ ) ®

S

Promoter Hypermethylation

gﬁwwmw

LU
%
Fo-LY

&000

|

o TEodh

-—' e =






OEBPS/navigation.xhtml

    
      Contents


      
        		Elucidating the clonal relationship of esophageal second primary tumors in patients with laryngeal squamous cell carcinoma


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13027_2023_558_Fig2_HTML.png
Slaughter et al. first introduced the
term of “field cancerization”
wherein prolonged exposure to
carcinogens induces changes across
the epithelium leaving the field
suitable for malignant
transformation.

The underlying cellular basis of field cancerization
is explained by other models-polyclonal origin. The
theory proposes that mutations occur in multiple
sites of the epithelium due to continuous carcinogen
exposure and thereby lead to multi-focal carcinomas
or lesions of independent origin.

The mechanisms by which the molecularly altered cells
develop are not fully understood, but clonal expansion
and intra-epithelial migration of these cells within
contiguous epithelial structures have been proposed.

one or more areas consisting of
epithelial cells that have genetic
alterations but no invasive growth
and metastatic behavior-monoclonal
origin.

The presence of one or more areas consisting field cancerized is defined as a collection

of epithelial cells that have genetic alterations. of cells that have acquired a subset of

A field lesion (or shortly ‘field’) has a phenotypic alterations required for

monoclonal origin, and does not show malignancy even in the absence of

invasive growth and metastatic behavior, the histological alterations. It has been

hallmark criteria of cancer. suggested that cancerization can be
attributed to the divergence, selection and
expansion of one or more clones.
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