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Background

This study aimed to identify potential biomarkers in patients with recurrent or metastatic head and neck squamous cell carcinoma (HNSCC) and further probe the prognostic implications of CDKN2A mutations, particularly within a subset receiving immunotherapy.





Methods

In this retrospective single-center study, we evaluated the next-generation sequencing (NGS) data from Foundation Medicine (FM) for patients with recurrent or metastatic HNSCC between January 1, 2019, and December 31, 2021. Patients were stratified based on CDKN2A loss-of-function (LOF) versus wild-type (WT) categorizations, with a focused subgroup analysis on those administered immunotherapy.





Results

The study encompassed 77 patients, of which 62 had undergone immunotherapy. The median duration of follow-up was 22.6 months. For the CDKN2A LOF group, the median overall survival (OS) was 16.5 months, contrasted with 30.0 months in the CDKN2A WT group (P=0.014). Notably, female gender (hazard ratio [HR]=4.526, 95% confidence interval [CI]: 1.934-10.180, P=0.0003) and CDKN2A LOF (HR=2.311, 95% CI: 1.156-4.748, P=0.019) emerged as independent risk factors for mortality in patients with recurrent or metastatic HNSCC. Within the immunotherapy subset, the median OS was 11.7 months for the CDKN2A LOF group, and 22.5 months for the CDKN2A WT group (P=0.017). Further, the female gender (HR=4.022, 95% CI: 1.417-10.710, P=0.006), CDKN2A LOF (HR=4.389, 95% CI: 1.782-11.460, P=0.002), and a combined positive score below 1 (HR=17.20, 95% CI: 4.134-79.550, P<0.0001) were identified as significant predictors of mortality among patients with recurrent or metastatic HNSCC receiving immunotherapy.





Conclusion

Alterations manifesting as LOF in the CDKN2A gene stand as robust indicators of unfavorable survival outcomes in HNSCC patients, including the subset that underwent immunotherapy.
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Introduction

Cancers of the head and neck encompass malignancies in the oral cavity, lip, various segments of the pharynx (including the nasopharynx, oropharynx, and hypopharynx), different regions of the larynx (glottic and supraglottic), ethmoid sinus, maxillary sinus, salivary glands, mucosal melanoma, as well as occult primary tumors within the head and neck region (1–4). In 2020, lip and oral cavity cancers were diagnosed in approximately 377,713 individuals globally, leading to 177,757 fatalities. Simultaneously, pharyngeal cancers accounted for 316,020 new diagnoses and resulted in 166,750 deaths (5). Notably, squamous cell carcinoma histology is observed in about 90% of head and neck cancers, termed head and neck squamous cell carcinoma (HNSCC) (2, 3, 6). Incidence rates are higher among men compared to women (1–3, 6). Prominent risk factors encompass tobacco consumption, excessive alcohol intake, betel quid chewing, familial predisposition, and infections with specific viruses such as the human papillomavirus (HPV) and Epstein-Barr virus (EBV) (1–3, 6). The prognosis remains dismal for patients with recurrent or metastatic HNSCC (1, 3, 6, 7).

Identifying biomarkers indicative of poor prognosis is pivotal in pinpointing HNSCC patients at an augmented risk of unfavorable outcomes. A heightened neutrophil-to-lymphocyte ratio, elevated platelet count, and an increased platelet-to-lymphocyte ratio have been correlated with increased mortality (8–10). Additionally, smoking habits, coupled with the Head and Neck Surgery Risk Index, have associations with mortality (11–13). However, these biomarkers present limitations, primarily because they aren’t rooted in the molecular biology governing the tumor cells’ biological behavior. As such, next-generation sequencing (NGS) emerges as an instrumental technique for expansive screening of genetic alterations within tumors. NGS is advocated for the management of recurrent or persistent HNSCC, facilitating personalized therapeutic strategies based on actionable mutations (6). Nevertheless, NGS can also uncover several non-actionable mutations, offering insights into tumor biology and paving the way for potential drug target identification. Notably, the commercial panel from Foundation Medicine (FM) evaluates the mutational profile of 324 genes frequently altered in cancerous conditions (14).

Cyclin-dependent kinase inhibitor 2A (CDKN2A), a key member of the INK4 family of tumor suppressor genes, plays an intricate role in tumorigenesis, affecting both cell proliferation and angiogenesis (15). In HNSCC, alterations in CDKN2A, such as copy number deletions or reduced p16INK4a expression, correlate with poor prognosis (16). Furthermore, CDKN2A methylation is tied to HNSCC’s onset, progression, and metastasis, reinforcing its diagnostic value (17). Notably, CDKN2A also influences the tumor microenvironment. A recent study highlighted its association with tumor-infiltrating immune cells: elevated CDKN2A expression is linked to increased infiltration by activated B cells and CD4+ T cells, indicating a better prognosis, while its reduced expression is associated with greater neutrophil infiltration, suggesting a worse outcome (18). This underscores CDKN2A’s role in shaping the immune landscape within tumors and its potential impact on prognosis.

Immunotherapy represents a groundbreaking therapeutic approach in HNSCC, enhancing survival outcomes for specific patient cohorts (6, 7). This study sought to elucidate the prognostic implications of CDKN2A mutations in patients with recurrent or metastatic HNSCC, complemented by a nuanced subgroup analysis focusing on those undergoing immunotherapy. Such insights hold potential to refine the therapeutic strategies for patients contending with recurrent or metastatic HNSCC.





Methods




Study design and patients

In this single-center retrospective study, we assessed the FM NGS data of patients diagnosed with recurrent or metastatic HNSCC. These patients underwent NGS from January 1, 2019, through December 31, 2021, at Shanghai East Hospital. The study secured approval from the Shanghai East Hospital’s ethics committee (Approval No. 2023-027). Owing to the study’s retrospective design, the committee granted a waiver for individual patient consent.

Participants were selected based on the following inclusion criteria: 1) diagnosis of recurrent or metastatic HNSCC; 2) completion of FM NGS testing; 3) an Eastern Cooperative Oncology Group (ECOG) performance status (PS) ranging from 0 to 1; 4) satisfactory organ function. Patients were excluded if they: 1) had nasopharyngeal cancer; 2) presented with an incomplete medical history or lacked pertinent records; 3) were devoid of follow-up data.





Next-generation sequencing

All cases underwent meticulous review to validate the diagnosis, ensuring no admixture of other lesion components. Specimens were preserved in 10% neutral buffered formalin. Subsequently, formalin-fixed paraffin-embedded (FFPE) tissue blocks were dispatched to Foundation Medicine (Cambridge, MA, USA) for FM NGS, following the methodology delineated in prior publications (14). The FM NGS panel deployed for this study encompassed 324 genes (6). From every specimen, a minimum of 50 ng of DNA was extracted. Using the HiSeq 4000 platform by Illumina, Inc. (San Diego, CA, USA), the libraries underwent sequencing to achieve a uniformly profound depth, targeting a median coverage surpassing 500×. Furthermore, it aimed to cover over 99% of the exons at a depth exceeding 100× (6, 14). This assay is adept at concurrently detecting base substitutions, deletions, insertions, gene fusions, and gene amplifications. Additionally, it facilitates the assessment of microsatellite instability and tumor mutational burden (TMB) (6).





Data collection

Patient demographics (including age and sex), clinical presentations (such as primary HNSCC site and its recurrent/metastatic status), tumor attributes (incorporating HPV status, combined positive score [CPS], and TMB), and immunotherapy details were meticulously extracted from patient medical records. Overall survival (OS) was defined as the interval from the diagnosis of recurrent or metastatic HNSCC to death from any cause. For those who underwent immunotherapy, the OS was calculated from the onset of such treatment. Progression-free survival (PFS) was quantified as the duration from the diagnosis of recurrent or metastatic HNSCC to either disease progression or death from any cause, whichever occurred first. Follow-ups concluded at the last recorded patient visit. Overall response was characterized as a complete or partial response. Disease control encompassed scenarios of complete response, partial response, or stable disease.





Pathway assignment

The 324 genes encompassed in the FM NGS panel were systematically aligned to the curated pathways as listed in the National Cancer Institute (NCI) Pathway Interaction Database (PID) (19). In instances where genes corresponded to multiple pathways within the NCI PID, preference was given to pathways with the most significant proportions of aligned genes.





Statistical analysis

Patients were stratified based on the presence of a CDKN2A loss-of-function (LOF) mutation versus its wild-type (WT) counterpart. A focused subgroup analysis was undertaken for those who underwent immunotherapy. Categorical variables were articulated as n (%) and subjected to analysis via the chi-square test or Fisher’s exact test, as appropriate. To discern factors independently correlating with OS, a multivariable Cox regression analysis was employed. OS distributions were delineated using the Kaplan-Meier methodology, and the resulting survival curves underwent comparison through the log-rank test. All statistical computations were executed utilizing SPSS 23.0 (IBM, Armonk, NY, USA) and Prism 9 (GraphPad Software Inc., San Diego, CA, USA). A two-sided P-value below 0.05 was earmarked as the threshold for statistical significance.






Results




Baseline characteristics of the patients

Of the 104 eligible patients, 77 were finally included. The median age was 56 years, spanning a range from 29 to 84 years. A predominant 80.5% were male, while 61.0% were diagnosed with oral HNSCC. The breakdown of disease recurrence and metastasis was as follows: 63.6% exhibited local recurrence, 12.9% had distant metastasis, and 23.4% displayed both local recurrence and distant metastasis. A significant 93.5% presented with a low TMB, 74.0% had undergone more than two lines of treatment, and 80.5% had been subjected to immunotherapy. Comparative analysis between the CKDN2A LOF and WT groups revealed no statistically significant disparities (all P>0.05) (Table 1). Figure 1 delineates the most frequently observed gene mutations across the cohort of 77 patients.


Table 1 | Baseline characteristics (all patients).






Figure 1 | Mutational landscape in HNSCC via next-generation sequencing. The chart displays the most predominant gene mutations in the cohort of 77 patients diagnosed with recurrent or metastatic head and neck squamous cell carcinoma (HNSCC). Each column signifies an individual HNSCC case, while each row indicates the status of a specific gene: grey for wild-type and colored for mutated.







Prognosis

With a median follow-up duration of 22.6 months, the median OS was determined to be 16.5 months for the CDKN2A LOF group, contrasting with 30.0 months for the CDKN2A WT group (P=0.014) (Figure 2). As detailed in Table 2, both female gender (hazard ratio [HR]=4.526, 95% confidence interval [CI]: 1.934-10.180, P=0.0003) and presence of CDKN2A LOF (HR=2.311, 95%CI: 1.156-4.748, P=0.019) emerged as independent factors associating with increased mortality risk in patients diagnosed with recurrent or metastatic HNSCC.




Figure 2 | Overall survival (OS) of all patients according to the CDKN2A gene status. LOF, loss-of-function; WT, wild-type.




Table 2 | Univariate and multivariable analysis for overall survival (all patients).







Immunotherapy subgroup analysis

A comparison of patient characteristics between the two groups, as detailed in Table 3, revealed no statistically significant differences (all P>0.05). Of those undergoing immunotherapy, the observed overall response rate was 33.9% (21/62), with a breakdown of 25.9% for the CDKN2A LOF group and 40.0% for the CDKN2A WT group (P=0.288). The disease control rate was 62.9% (39/62), bifurcating into 59.3% for the CDKN2A LOF group and 65.7% for the CDKN2A WT group (P=0.791). Both groups had a median PFS of 4.2 months (P=0.356). The median OS was 19.8 months, with 11.7 months for the CDKN2A LOF group and 22.5 months for the CDKN2A WT group (P=0.017) (Figure 3). Factors such as female gender (HR=4.022, 95%CI: 1.417-10.710, P=0.006), presence of CDKN2A LOF (HR=4.389, 95%CI: 1.782-11.460, P=0.002), and a CPS score below 1 (HR=17.20, 95%CI: 4.134-79.550, P<0.0001) emerged as independent associated factors of mortality in patients with recurrent or metastatic HNSCC undergoing immunotherapy (Table 4).


Table 3 | Baseline characteristics (patients receiving immunotherapy).






Figure 3 | Overall survival (OS) of patients treated with immunotherapy, according to the CDKN2A gene status. LOF, loss-of-function; WT, wild-type.




Table 4 | Univariate and multivariable analysis for overall survival (patients receiving immunotherapy).







CDKN2A alterations

Twenty patients manifested CDKN2A mutations, fourteen exhibited a reduction in the CDKN2A copy number, while one displayed gene rearrangement (Figure 4). A comprehensive depiction of these alterations can be found in Figure 5.




Figure 4 | Classification of CDKN2A gene alterations.






Figure 5 | Schematic representation of mutation sites within the CDKN2A Gene.








Discussion

The role of CDKN2A in HNSCC, though studied, has not been exhaustively elucidated, especially in the context of immunotherapy. Our study aims to bridge this knowledge gap by examining the prognostic implications of CDKN2A alterations in patients with recurrent and metastatic HNSCC undergoing immunotherapy, shedding light on a relatively under-explored facet of HNSCC management. Our findings underscore that LOF alterations in the CDKN2A gene are intrinsically linked with diminished survival outcomes in HNSCC patients, encompassing those undergoing immunotherapy.

Historically, the CDKN2A gene emerges as the second most frequently mutated gene in HNSCC (20, 21). Between 57% and 67% of HNSCC patients exhibit CDKN2A mutations (22, 23). Notably, in our research, we observed a mutation rate of 45.5% for CDKN2A, marginally lower than previously reported metrics. Such divergence might be attributable to the unique patient demographics of our study. Among our cohort, mutations in CDKN2A were predominant, accounting for 57.1% (20 out of 35), followed by a reduction in copy number (40.0%, or 14 out of 35) and a singular instance of gene rearrangement (2.9%).

Germline mutations within CDKN2A have affiliations with hereditary cancer syndromes (24). On the somatic front, mutations in CDKN2A correlate with poorer prognostic outcomes in HNSCC patients (20, 21). The inactivation of CDKN2A via hypermethylation processes is implicated in the carcinogenesis, progression, and metastatic patterns of HNSCC (17). A reduced CDKN2A copy number stands as a harbinger of adverse prognosis (16), while its mutation often coincides with a heightened TMB, another indicator of poor prognosis in HNSCC (25). Previous studies have concretized the association between CDKN2A LOF and diminished prognosis. For instance, Chen et al. (16) identified a direct association between the loss of CDKN2A copy number and heightened mortality in NHSCC patients, irrespective of chemotherapy or radiotherapy interventions. Analogous findings have surfaced in the context of patients subjected to chemoradiotherapy for advanced oro- and hypo-pharyngeal HNSCC (26) as well as in both recurrent and non-recurrent oral HNSCC subsets (27, 28). Reinforcing these narratives, our present investigation discerned no significant variance in treatment modalities between CDKN2A LOF and WT groups. Nonetheless, CDKN2A LOF was determined to be an independent predictor of a truncated OS, echoing the insights offered by the aforementioned literature.

Immunotherapy represents an innovative treatment approach in HNSCC, consistently demonstrating appreciable survival advantages (6, 29–31). The role of CDKN2A in immunotherapeutic responses is multifaceted. For instance, its association with resistance to immunotherapy has been noted in urothelial carcinoma (32). In the context of melanoma, deletions in CDKN2A appear to attenuate the efficacy of immune checkpoint inhibitors (33, 34). When shifting the lens to non-small-cell lung cancer (NSCLC), a homozygous loss of CDKN2A correlates with diminished PD-L1 expression (35). Strikingly, even amidst high levels of PD-L1 expression and an elevated TMB, CDKN2A LOF was linked to suboptimal outcomes following immunotherapy in NSCLC patients (36). Furthermore, both pancreatic tumors and gliomas exhibiting CDKN2A LOF demonstrated a decreased cytolytic activity (37, 38).

Echoing these findings, our current study revealed a markedly abbreviated survival span in HNSCC patients treated with immunotherapy within the CDKN2A LOF group, in contrast to their WT counterparts. This observation might be attributable to the altered tumor microenvironment characteristic of CDKN2A LOF tumors (39, 40). Notably, our dataset had a limited subset of patients who did not undergo immunotherapy, making comparative analyses challenging. Besides, Liu et al. (41) reported a correlation between CDKN2A mutations and subpar responses to immune checkpoint inhibitors, particularly in patients with resectable HNSCC undergoing neoadjuvant immunotherapy. Nonetheless, the intrinsic relationship between CDKN2A LOF and poorer prognostic outcomes in immunotherapy recipients implies potential ramifications in patient selection for immunotherapy, a treatment modality that, despite its merits, is costly and not devoid of associated risks. Such a hypothesis warrants exploration in subsequent research endeavors.

Among patients undergoing immunotherapy, our findings reveal that a CPS of less than 1 is intrinsically tied to an inferior prognostic trajectory compared to those boasting a CPS greater than 20. This aligns with the diminished OS observed in patients with a CPS below 1 in the KEYNOTE-048 trial (42). While our data intriguingly suggest a gender-based association with OS, the current dataset lacks the granularity to elucidate this relationship. Factors such as the limited sample size and the gender disparity might introduce potential confounders in the statistical interpretations.

This study is not without its constraints. Being a retrospective study anchored to chart-recorded data inherently restricts the depth of clinical and pathological evaluations surrounding CDKN2A LOF. The study’s monocentric nature confined the sample size. Given the limited cohort and the infrequent manifestation of other mutated genes, it became infeasible to probe the interplay among various mutated genes. The diminutive subset of patients without immunotherapy further precluded a comparative evaluation between those receiving and not receiving immunotherapy within the CDKN2A LOF and WT categories. To truly unpack the prognostic implications of CDKN2A LOF, especially its interrelation with immunotherapy outcomes in HNSCC patients, there’s a pressing need for more extensive studies.

In conclusion, our study underscores that CDKN2A LOF stands as an independent harbinger of adverse prognosis in patients grappling with recurrent metastatic HNSCC, inclusive of those on immunotherapy.





Data availability statement

The data presented in this study are available in article or supplementary material.





Ethics statement

The studies involving humans were approved by the Ethics Committee of Shanghai East Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin due to the retrospective nature of the study.





Author contributions

LX: Data curation, Formal Analysis, Project administration, Writing – original draft, Writing – review & editing. WT: Data curation, Writing – review & editing. JZ: Data curation, Writing – review & editing. JX: Writing – review & editing. QL: Writing – review & editing. XG: Writing – review & editing. FL: Writing – review & editing. WZ: Writing – review & editing. YG: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Software, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded by Beijing CSCO Clinical Oncology Research Foundation (NO.Y-XD2019-069,2019.07-2021.07) and The Top-level Clinical Discipline Project of Shanghai Pudong (PWYgf2021-07).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Chow, LQM. Head and neck cancer. N Engl J Med (2020) 382(1):60–72. doi: 10.1056/NEJMra1715715

2. Cohen, N, Fedewa, S, and Chen, AY. Epidemiology and demographics of the head and neck cancer population. Oral Maxillofac Surg Clin North Am (2018) 30(4):381–95. doi: 10.1016/j.coms.2018.06.001

3. Seeburg, DP, Baer, AH, and Aygun, N. Imaging of patients with head and neck cancer: from staging to surveillance. Oral Maxillofac Surg Clin North Am (2018) 30(4):421–33. doi: 10.1016/j.coms.2018.06.004

4. NCCN Clinical Practice Guidelines in oncology (NCCN Guidelines). Head and Neck Cancers. Version 1.2023. Fort Washington: National Comprehensive Cancer Network (2022).

5. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

6. Food & Drug Administration. FoundationOne®CDx full specification information . Available at: https://www.accessdata.fda.gov/cdrh_docs/pdf17/P170019C.pdf (Accessed March 4, 20232022).

7. Machiels, JP, Rene Leemans, C, Golusinski, W, Grau, C, Licitra, L, Gregoire, V, et al. Squamous cell carcinoma of the oral cavity, larynx, oropharynx and hypopharynx: EHNS-ESMO-ESTRO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol (2020) 31(11):1462–75. doi: 10.1016/j.annonc.2020.07.011

8. Mascarella, MA, Mannard, E, Silva, SD, and Zeitouni, A. Neutrophil-to-lymphocyte ratio in head and neck cancer prognosis: A systematic review and meta-analysis. Head Neck (2018) 40(5):1091–100. doi: 10.1002/hed.25075

9. Yu, W, Dou, Y, Wang, K, Liu, Y, Sun, J, Gao, H, et al. Preoperative neutrophil lymphocyte ratio but not platelet lymphocyte ratio predicts survival and early relapse in patients with oral, pharyngeal, and lip cancer. Head Neck (2019) 41(5):1468–74. doi: 10.1002/hed.25580

10. Takenaka, Y, Oya, R, Kitamiura, T, Ashida, N, Shimizu, K, Takemura, K, et al. Platelet count and platelet-lymphocyte ratio as prognostic markers for head and neck squamous cell carcinoma: Meta-analysis. Head Neck (2018) 40(12):2714–23. doi: 10.1002/hed.25366

11. Vigneswaran, N, and Williams, MD. Epidemiologic trends in head and neck cancer and aids in diagnosis. Oral Maxillofac Surg Clin North Am (2014) 26(2):123–41. doi: 10.1016/j.coms.2014.01.001

12. Lassig, AA, Yueh, B, and Joseph, AM. The effect of smoking on perioperative complications in head and neck oncologic surgery. Laryngoscope (2012) 122(8):1800–8. doi: 10.1002/lary.23308

13. Mascarella, MA, Richardson, K, Mlynarek, A, Forest, VI, Hier, M, Sadeghi, N, et al. Evaluation of a preoperative adverse event risk index for patients undergoing head and neck cancer surgery. JAMA Otolaryngol Head Neck Surg (2019) 145(4):345–51. doi: 10.1001/jamaoto.2018.4513

14. Frampton, GM, Fichtenholtz, A, Otto, GA, Wang, K, Downing, SR, He, J, et al. Development and validation of a clinical cancer genomic profiling test based on massively parallel DNA sequencing. Nat Biotechnol (2013) 31(11):1023–31. doi: 10.1038/nbt.2696

15. Zhang, L, Zeng, M, and Fu, BM. Inhibition of endothelial nitric oxide synthase decreases breast cancer cell MDA-MB-231 adhesion to intact microvessels under physiological flows. Am J Physiol Heart Circ Physiol (2016) 310(11):H1735–47. doi: 10.1152/ajpheart.00109.2016

16. Chen, WS, Bindra, RS, Mo, A, Hayman, T, Husain, Z, Contessa, JN, et al. CDKN2A copy number loss is an independent prognostic factor in HPV-negative head and neck squamous cell carcinoma. Front Oncol (2018) 8:95. doi: 10.3389/fonc.2018.00095

17. Zhou, C, Shen, Z, Ye, D, Li, Q, Deng, H, Liu, H, et al. The association and clinical significance of CDKN2A promoter methylation in head and neck squamous cell carcinoma: a meta-analysis. Cell Physiol Biochem (2018) 50(3):868–82. doi: 10.1159/000494473

18. Fan, K, Dong, Y, Li, T, and Li, Y. Cuproptosis-associated CDKN2A is targeted by plicamycin to regulate the microenvironment in patients with head and neck squamous cell carcinoma. Front Genet (2022) 13:1036408. doi: 10.3389/fgene.2022.1036408

19. Schaefer, CF, Anthony, K, Krupa, S, Buchoff, J, Day, M, Hannay, T, et al. PID: the pathway interaction database. Nucleic Acids Res (2009) 37(Database issue):D674–9. doi: 10.1093/nar/gkn653

20. Cancer Genome Atlas, N. Comprehensive genomic characterization of head and neck squamous cell carcinomas. Nature (2015) 517(7536):576–82. doi: 10.1038/nature14129

21. Jiang, X, Ye, J, Dong, Z, Hu, S, and Xiao, M. Novel genetic alterations and their impact on target therapy response in head and neck squamous cell carcinoma. Cancer Manag Res (2019) 11:1321–36. doi: 10.2147/CMAR.S187780

22. Chung, CH, Guthrie, VB, Masica, DL, Tokheim, C, Kang, H, Richmon, J, et al. Genomic alterations in head and neck squamous cell carcinoma determined by cancer gene-targeted sequencing. Ann Oncol (2015) 26(6):1216–23. doi: 10.1093/annonc/mdv109

23. Zhao, R, Choi, BY, Lee, MH, Bode, AM, and Dong, Z. Implications of genetic and epigenetic alterations of CDKN2A (p16(INK4a)) in cancer. EBioMedicine (2016) 8:30–9. doi: 10.1016/j.ebiom.2016.04.017

24. Harinck, F, Kluijt, I, van der Stoep, N, Oldenburg, RA, Wagner, A, Aalfs, CM, et al. Indication for CDKN2A-mutation analysis in familial pancreatic cancer families without melanomas. J Med Genet (2012) 49(6):362–5. doi: 10.1136/jmedgenet-2011-100563

25. Deneka, AY, Baca, Y, Serebriiskii, IG, Nicolas, E, Parker, MI, Nguyen, TT, et al. Association of TP53 and CDKN2A mutation profile with tumor mutation burden in head and neck cancer. Clin Cancer Res (2022) 28(9):1925–37. doi: 10.1158/1078-0432.CCR-21-4316

26. Vossen, DM, Verhagen, CVM, van der Heijden, M, Essers, PBM, Bartelink, H, Verheij, M, et al. Genetic factors associated with a poor outcome in head and neck cancer patients receiving definitive chemoradiotherapy. Cancers (Basel) (2019) 11(4). doi: 10.3390/cancers11040445

27. Padhi, SS, Roy, S, Kar, M, Saha, A, Roy, S, Adhya, A, et al. Role of CDKN2A/p16 expression in the prognostication of oral squamous cell carcinoma. Oral Oncol (2017) 73:27–35. doi: 10.1016/j.oraloncology.2017.07.030

28. Fan, WL, Yang, LY, Hsieh, JC, Lin, TC, Lu, MJ, and Liao, CT. Prognostic genetic biomarkers based on oncogenic signaling pathways for outcome prediction in patients with oral cavity squamous cell carcinoma. Cancers (Basel). (2021) 13(11). doi: 10.3390/cancers13112709

29. Ma, BBY, Lim, WT, Goh, BC, Hui, EP, Lo, KW, Pettinger, A, et al. Antitumor activity of nivolumab in recurrent and metastatic nasopharyngeal carcinoma: an international, multicenter study of the mayo clinic phase 2 consortium (NCI-9742). J Clin Oncol (2018) 36(14):1412–8. doi: 10.1200/JCO.2017.77.0388

30. Ferris, RL, Blumenschein, G Jr., Fayette, J, Guigay, J, Colevas, AD, Licitra, L, et al. Nivolumab for recurrent squamous-cell carcinoma of the head and neck. N Engl J Med (2016) 375(19):1856–67. doi: 10.1056/NEJMoa1602252

31. Seiwert, TY, Burtness, B, Mehra, R, Weiss, J, Berger, R, Eder, JP, et al. Safety and clinical activity of pembrolizumab for treatment of recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-012): an open-label, multicentre, phase 1b trial. Lancet Oncol (2016) 17(7):956–65. doi: 10.1016/S1470-2045(16)30066-3

32. Adib, E, Nassar, AH, Akl, EW, Abou Alaiwi, S, Nuzzo, PV, Mouhieddine, TH, et al. CDKN2A alterations and response to immunotherapy in solid tumors. Clin Cancer Res (2021) 27(14):4025–35. doi: 10.1158/1078-0432.CCR-21-0575

33. Brenner, E, Schorg, BF, Ahmetlic, F, Wieder, T, Hilke, FJ, Simon, N, et al. Cancer immune control needs senescence induction by interferon-dependent cell cycle regulator pathways in tumours. Nat Commun (2020) 11(1):1335. doi: 10.1038/s41467-020-14987-6

34. Hilke, FJ, Sinnberg, T, Gschwind, A, Niessner, H, Demidov, G, Amaral, T, et al. Distinct mutation patterns reveal melanoma subtypes and influence immunotherapy response in advanced melanoma patients. Cancers (Basel) (2020) 12(9). doi: 10.3390/cancers12092359

35. Lamberti, G, Spurr, LF, Li, Y, Ricciuti, B, Recondo, G, Umeton, R, et al. Clinicopathological and genomic correlates of programmed cell death ligand 1 (PD-L1) expression in nonsquamous non-small-cell lung cancer. Ann Oncol (2020) 31(6):807–14. doi: 10.1016/j.annonc.2020.02.017

36. Gutiontov, SI, Turchan, WT, Spurr, LF, Rouhani, SJ, Chervin, CS, Steinhardt, G, et al. CDKN2A loss-of-function predicts immunotherapy resistance in non-small cell lung cancer. Sci Rep (2021) 11(1):20059. doi: 10.1038/s41598-021-99524-1

37. Balli, D, Rech, AJ, Stanger, BZ, and Vonderheide, RH. Immune cytolytic activity stratifies molecular subsets of human pancreatic cancer. Clin Cancer Res (2017) 23(12):3129–38. doi: 10.1158/1078-0432.CCR-16-2128

38. Wang, ZL, Wang, Z, Li, GZ, Wang, QW, Bao, ZS, Zhang, CB, et al. Immune cytolytic activity is associated with genetic and clinical properties of glioma. Front Immunol (2019) 10:1756. doi: 10.3389/fimmu.2019.01756

39. Mariathasan, S, Turley, SJ, Nickles, D, Castiglioni, A, Yuen, K, Wang, Y, et al. TGFbeta attenuates tumour response to PD-L1 blockade by contributing to exclusion of T cells. Nature (2018) 554(7693):544–8. doi: 10.1038/nature25501

40. DeLeon, TT, Almquist, DR, Kipp, BR, Langlais, BT, Mangold, A, Winters, JL, et al. Assessment of clinical outcomes with immune checkpoint inhibitor therapy in melanoma patients with CDKN2A and TP53 pathogenic mutations. PloS One (2020) 15(3):e0230306. doi: 10.1371/journal.pone.0230306

41. Liu, S, Knochelmann, HM, Lomeli, SH, Hong, A, Richardson, M, Yang, Z, et al. Response and recurrence correlates in individuals treated with neoadjuvant anti-PD-1 therapy for resectable oral cavity squamous cell carcinoma. Cell Rep Med (2021) 2(10):100411. doi: 10.1016/j.xcrm.2021.100411

42. Yu, Y, Zakeri, K, Sherman, EJ, and Lee, NY. Association of low and intermediate combined positive scores with outcomes of treatment with pembrolizumab in patients with recurrent and metastatic head and neck squamous cell carcinoma: secondary analysis of keynote 048. JAMA Oncol (2022) 8(8):1216–8. doi: 10.1001/jamaoncol.2022.1846




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Xue, Tang, Zhou, Xue, Li, Ge, Lin, Zhao and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1276009-g003.jpg
median OS

- 100 —— CDKN2A LOF 11.7 mo
§ 80 -+. CDKN2AWT 22.5mo
>
S 60
%)
= 40
g
o 20
0
0 12 24 36 48 60
No. atrisk Months
CDKN2A LOF 27 13 5 1 0 0

CDKN2A WT 35 23 5 2 0 0





OEBPS/Images/fonc.2023.1276009_cover.jpg
& frontiers | Frontiers in Oncology

Next-generation sequencing identifies
CDKNZ2A alterations as prognostic
biomarkers in recurrent or metastatic head
and neck squamous cell carcinoma
predominantly receiving immune checkpoint
inhibitors





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Next-generation sequencing identifies CDKN2A alterations as prognostic biomarkers in recurrent or metastatic head and neck squamous cell carcinoma predominantly receiving immune checkpoint inhibitors

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study design and patients

          



          		

            Next-generation sequencing

          



          		

            Data collection

          



          		

            Pathway assignment

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline characteristics of the patients

          



          		

            Prognosis

          



          		

            Immunotherapy subgroup analysis

          



          		

            CDKN2A alterations

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1276009-g004.jpg
Cases

Mutation Loss Rearrangement

Types of CDKN2A alteration






OEBPS/Images/table2.jpg
Variables Univariate analysis Multivariate analysis

HR 95% Cl HR 95% CI

Sex Male 1 1

Female 3.539 1.624 - 7.320 0.0009 ' 4.526 1.934 - 10.18 0.0003
Age 260 1 v B

<60 1.879 0.9796 - 3.849 0.0680 » 1.735 0.8321 - 3.847 0.1551
Primary site Oral cancer 1 ' 1

Oropharyngeal cancer 0.8634 0.2535 - 2.237 0.2716 0.5177 0.1416 - 1.504 0.2633

Laryngeal cancer 0.6493 0.2136 - 1.610 0.8551 0.6374 0.1841 - 1.888 0.4405

Hypopharynx cancer 1.304 0.3082 - 3.762 0.4302 ' 0.8184 0.1709 - 2.890 0.7750

Nasal and sinus cancer 1.351 0.4972 - 3.121 0.6538 » 1.058 0.3693 - 2.606 0.9081
Tumor site Local recurrence 1 I 1

Distant metastasis 0.6940 02279 - 1.735 04715 0.5959 0.1702 - 1.719 03731

Both 2.155 1.088 - 4.152 0.0234 1795 0.8298 - 3.756 0.1266
Immunotherapy Yes 1 1

No 0.6337 ' 0.2175 - 1475 0.3400 ' 0.5312 0.1757 - 1.319 0.2090
CDKN2A WT 1 1

LOF 2.114 1.154 - 3.973 0.0168 2311 1.156 - 4.748 0.0194

HR, hazard ratio; CI, confidence interval; LOF, loss-of-function; WT, wild-type.
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Variables Univariate analysis Multivariate analysis

HR 95% CI HR 95% ClI

Sex Male 1 1

Female 2.643 | 1.085 - 5.864 0.0220 4.022 1.417 - 10.71 0.0063
Age >60 1 1

<60 2.262 ‘ 1.133 - 4.844 0.0261 1.769 0.6641 - 4.951 0.2603
Primary site Oral cancer 1 1

Oropharyngeal cancer 0.6160 0.1797 - 1.615 0.3743 0.3435 0.07028 - 1.312 0.1458

Laryngeal cancer 0.5528 0.1587 - 1.477 0.2854 0.7897 0.1134 - 3.635 0.7838

Hypopharynx cancer 2.652 0.6127 - 8.049 0.1240 2.462 0.4189 - 12.25 0.2845

Nasal and sinus cancer 1.142 0.3328 - 3.005 0.8076 0.8036 0.1667 - 3.064 0.7648
Tumor site Local recurrence 1 1

Distant metastasis 0.8655 0.3283 - 2.042 0.7531 0.3397 0.08219 - 1.174 0.1075

Both 1.732 0.8127 - 3.584 0.1433 1.312 0.3997 - 4.117 0.6449
CDKN2A WT 1 1

LOF 1.972 I 1.044 - 3.815 0.0383 4.389 1.782 - 11.46 0.0016
CPS 220 1 1

1-19 1.920 0.7136 - 5.386 0.1967 2.946 0.9512 - 9.615 0.0632

<1 5.110 1.854 - 14.63 0.0016 17.20 4.134 - 79.55 < 0.0001

NA 1.305 0.5156 - 3.553 0.5816 1.278 0.4066 - 4.152 0.6735
Tumor mutational burden High 1 1

Low | 0.5162 0.1223 - 1.471 0.2810 0.9461 0.1079 - 8.005 ] 0.9588
Number of treatment lines First line 1 1

>2 lines 1.864 0.9784 - 3.658 0.0619 1.157 0.4217 - 3.266 0.7782
Immunotherapy model Single drug 1 1

Combination 1.628 0.8481 - 3.248 0.1511 1.799 0.7666 - 4.282 0.1761

HR, hazard ratio; CI, confidence interval; LOF, loss-of-function; WT, wild-type; CPS, combined positive score.





OEBPS/Images/fonc-13-1276009-g002.jpg
median OS

o 190 —— CDKN2A LOF 16.5mo
Ti 80 s -+- CDKN2AWT 30.0 mo
E 60 i
=
70
s 40
o
3 20
0
0 12 24 36 48 60
No. at risk Months
CDKN2A LOF 35 24 5 2 1 0

CDKN2A WT 42 32 8 3 y 0





OEBPS/Images/table3.jpg
Variables

Number of patients

Age, median (range) (years old)
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Primary site
Oral cancer
Oropharyngeal cancer
Laryngeal cancer
Hypopharynx cancer
Nasal and sinus cancer

Tumor site
Local recurrence
Distant metastasis
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GRS

<1
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Tumor mutational burden
High (210 mutations/Mb)
Low (<10 mutations/Mb)
Number of treatment lines
First line
=2 lines
Immunotherapy regimen
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Combination immunotherapy
PD-1 + chemotherapy
PD-1 + targeted therapy
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PD-1 + anti-angiogenic
drugs
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LOF, loss-of-function; W', wild-type; HPV, human papillomavirus; CPS, combined positive score.
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OEBPS/Images/table1.jpg
Variables Number of patients (%)

All 77 35 42

Age, years, median (range) 56 (29-84) 55 (29-74) 59 (34-84)
260 years old 29 9 20 0.0608
<60 years old 48 26 22

Sex
Male 62 (80.5) 31 (88.6) 31(73.8) | 0.1495
Female 15 (19.5) 4(114) 11 (26.2)

Primary site
Oral cancer 47 (61.0) 19 (54.3) 28 (66.7) 0.7516
Oropharyngeal cancer 8 (10.4) 5(14.3) 3(7.1)
Laryngeal cancer 8 (10.4) 4(114) 4(9.5)
Hypopharynx cancer 5(6.5) 3 (8.6) 2 (4.8)
Nasal and sinus cancer 9 (11.7) 4 (11.4) 5(119)

Tumor site
Local recurrence 49 (63.6) 21 (60.0) 28 (66.7) 0.6083
Distant metastasis 10 (12.9) 4(114) 6 (14.3)
Both 18 (23.4) 10 (28.6) 8 (19.0)

HPV (oropharyngeal cancer)

Positive 1(13) 0 1(2.4) 03750
Negative 7(9.1) 5(14.3) 2(4.8)

EPS
<1 12 (15.6) 4(114) 8 (19.0) 0.7612
1-19 20 (25.9) 9 (25.7) 11 (26.2)
220 18 (23.4) 8 (22.9) 10 (23.8)
NA 27 (35.1) 14 (40.0%) 13 (31.0)

Tumor mutational burden
High (=10 mutations/Mb) 5(6.5) 2(57) 3(7.1)
Low (<10 mutations/Mb) 72 (93.5) 33 (943) 39 (92.9)

Number of treatment lines

Median (range) 3(1-9) 3(1-9) 3(1-8) 06113
First line 20 (26.0) 8 (22.9) 12 (286)
> two lines 57 (74.0) 27 (77.1) 30 (71.4)

Receive immunotherapy
Yes 62 (80.5) 27 (77.1) 35(833) 0.5699

No 15 (19.5) 8(229) 7 (16.7)

LOF, loss-of-function; W, wild-type; HPV, human papillomavirus; CPS, combined positive score; NA, not available.





