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ABSTRACT

Oral squamous cell carcinoma (OSCC) is a difficult disease to treat when local therapy is not curative, particularly when recur or metastasize. There
is evidence of programmed cell death protein 1 (PD-1) inhibitors available to treat head and neck squamous cell carcinoma (OSCC), but it comes
from mixed populations of head and neck cancer. The current narrative review outlines evidence regarding pembrolizumab and nivolumab,
focusing on treatment selection and IRTs. Pembrolizumab is used either alone or in combination with chemotherapy, depending on programmed
death-ligand 1 combined positive score (PD-L1 CPS), disease burden, urgency, fitness, and patient preferences. In the eligible post-platinum setting,
there is evidence for nivolumab and pembrolizumab, though treatment after PD-1 exposure will be affected. Baseline evaluation and monitoring of
toxicities are required, as well as rapid management based on severity, for the skin, endocrine, gastrointestinal, hepatic, pulmonary, cardiovascular,
renal, neurological, and oral systems. Specific estimates for OSCCs are still scarce. Further treatment studies in the oral cavity region, the
establishment of predictive markers, the development of resistance-directed treatments, and the standardization of reporting on oral cavity toxicity
will help optimize treatment and patient outcomes.
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INTRODUCTION

ral squamous cell carcinoma (OSCC) is the most common oral malignancy, with recurrence or metastasis being a challenge when

curative local treatment can no longer be achieved !. The role of PD-1 inhibitors in systemic treatment of recurrent or metastatic head

and neck squamous cell carcinoma (HNSCC) has revolutionized the treatment of this disease in a subset of patients, with durable

survival benefits 2. The phase IIl KEYNOTE-048 trial determined pembrolizumab as a first-line treatment for patients with wild-type

(WT) EGFR and programmed death-ligand 1 (PD-L1) combined positive score (CPS) >10 3. In 2025, it was followed by a five-year
extension, which reported continued overall survival benefits for pembrolizumab alone in the PD-L1 CPS-positive population and
pembrolizumab + chemotherapy in the overall study population %. The current clinical guidance is focused on the combination of PD-L1
expression, disease burden, symptom burden, prior treatment, performance status, comorbidities, and patients' preferences to choose the right
therapy 3. However, there are crucial questions that remain unanswered due to the inclusion of several anatomical subsites in pivotal HNSCC
trials, which precludes direct interpretation of the results specifically for OSCC ¢. Additionally, different responses to treatment and immune-
related side effects require careful patient selection, close monitoring for toxicity, and tailored treatment 7, 8.

The objective of this review is to assess the clinical evidence for the use of PD-1 inhibitors in recurrent or metastatic OSCC, focusing on
evidence-based patient selection, treatment response, and recognition and management of immune-related toxicities. This narrative review aimed
to explore the clinical evidence of programmed cell death protein 1 (PD-1) inhibitors in recurrent or metastatic oral squamous cell carcinoma
(OSCC) with a particular focus on efficacy, patient selection and immune-related adverse events. A systematic search of published clinical trials,
systematic reviews, meta-analyses, clinical practice guidelines, and recent reviews focusing on head and neck squamous cell carcinoma
(HNSCC) and immunotherapy was carried out. Current evidence with pembrolizumab and nivolumab was prioritized, including in the first-line
and post-platinum treatment settings. Case selection and their interpretation were carefully examined, and any reports of oral cavity tumors
within larger head and neck cancer cohorts were analysed in detail, as well as any differences between OSCC and non-OSCC data.

BIOLOGICAL RATIONALE FOR PD-1 INHIBITION IN OSCC

Programmed cell death protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) axis is an inhibitory immune-checkpoint pathway that restrains T-
cell activation and can be hijacked by oral squamous cell carcinoma (OSCC) for escaping immune surveillance (Figure 1). Activated T cells that
express PD-1 bind to PD-L1 on tumour and immune cells, which decreases intracellular signaling, cytokine production, and cytotoxic T-cell
activity °. Tumour-associated macrophages, regulatory T cells, myeloid-derived suppressor cells and cancer-associated fibroblasts also play a
role in OSCC-associated immune evasion, playing a role in the creation of an immunosuppressive tumour microenvironment '°. PD-1 inhibitors
block this inhibitory interaction, which could re-establish antitumor T-cell responses !!. However, there are some cases of non-uniform PD-L1
expression and other immunosuppressive pathways that could compromise the success of treatment. Therefore, knowledge of this pathway
should serve as a biological rationale for checkpoint blockade but alone cannot predict an individual patient's response '2.
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Figure 1: Mechanisms of immune-checkpoint blockade, illustrating PD-1/PD-L1-m 1l immune reg
and tumour immune escape relevant to oral squamous cell carcinoma ’.

CLINICAL EVIDENCE FOR PD-1 INHIBITORS IN RECURRENT OR METASTATIC OSCC

First-Line Treatment (Pembrolizumab): The new phase III KEYNOTE-048 results are the key findings supporting pembrolizumab's role in
first-line therapy in recurrent or metastatic head and neck squamous cell carcinoma (HNSCC). For patients with a programmed death-ligand 1
(PD-L1) combined positive score (CPS) >20, pembrolizumab alone showed a median overall survival (OS) of 14.9 months, versus 10.8 months
for cetuximab-based chemotherapy (hazard ratio [HR] 0.61). In the CPS >1 population, median OS was 12.3 versus 10.3 months (HR, 0.74). In
the overall population and the CPS >1 population, combination of pembrolizumab plus platinum and fluorouracil showed improvement in
median OS (13.0 versus 10.7 months; HR, 0.71 and 13.6 versus 10.4 months; HR, 0.64, respectively) 3.

The results validate pembrolizumab as a monotherapy for the appropriate population of CPS-positive patients, especially those with low tumour
burden and low symptom burden. However, a combination treatment may have a higher treatment success rate compared to monotherapy in the
early stages of disease control. When rapid tumour reduction is clinically important, pembrolizumab plus chemotherapy is generally better, but
adds to the hematological, gastrointestinal and other toxicities associated with chemotherapy. Because of this, biomarker results should be used
in conjunction with disease kinetics, symptoms, comorbidities, and patient preferences to make treatment decisions, and not as the only basis 3.

Post-Platinum Treatment (Nivolumab and Pembrolizumab): Anti-PD-1 therapy is a proven treatment for eligible patients with platinum-
refractory disease who have not been treated with PD-1 inhibitors in the recurrent or metastatic setting. The long-term subgroup analysis of
Checkmate 141 looked at nivolumab in patients who had disease progression during or shortly after platinum therapy for locally advanced
disease. The median OS was 7.7 months for nivolumab versus 3.3 months for investigator-selected chemotherapy (HR, 0.56; 95% CI, 0.34-0.94)
14, These findings corroborate the activity of nivolumab in this setting, albeit in a limited number of patients.

Pembrolizumab is also approved for use in platinum-refractory HNSCC. A systematic review and meta-analysis of 2023 randomized trials
summarized the current evidence for immune checkpoint inhibitor efficacy and safety and identified that there were some differences in the
setting and the regimen '°. The lack of resistance after treatment with checkpoint inhibitors is different from that observed after other PD-1
inhibitors, so they should not be used interchangeably without further studies to determine whether prior exposure to the PD-1 inhibitor has
influenced the likelihood of developing resistance. It is not appropriate to assume that the efficacy of the evidence for treatment after platinum
failure can be extrapolated to patients with disease progression on PD-1 therapy.

Alternative Chemotherapy Backbones: KEYNOTE-B10 investigated pembrolizumab combined with carboplatin and paclitaxel as first-line
treatment for recurrent or metastatic HNSCC. A single-arm study has shown an objective response rate of 49% in this combination, which could
be an alternative when the use of fluorouracil is not indicated or feasible '°. Comparative efficacy, survival benefit and toxicity data, however,
with respect to the platinum-fluorouracil backbone are limited by the lack of a randomized comparator. The overall evidence favors PD-1
inhibitors irrespective of first-line or post-platinum use, and should be tailored to the clinical context. As the key studies included patients from
various subsites of HNSCC, the overall findings apply to the management of OSCC, but not necessarily to oral cavity tumors (Table I).

Table I: Contemporary Clinical Evidence for PD-1 Inhibitors in Recurrent or Metastatic HNSCC Relevant to OSCC

Study Study/treatment setting Main findings Key limitation

(Reference)

Harrington et KEYNOTE-048; first-line Pembrolizumab monotherapy improved overall Included multiple HNSCC

al., 20233 pembrolizumab survival in PD-L1 CPS-positive populations; subsites rather than an OSCC-
pembrolizumab  plus  chemotherapy improved only population.

survival in the overall population.
with a

Gillison et al.,
2022 14
Haddad et al.,
2023 17

Dzienis et al.,
2024 16

CheckMate 141; platinum-
refractory disease
CheckMate 651; first-line
nivolumab plus ipilimumab

KEYNOTE-B10;
pembrolizumab
carboplatin—paclitaxel

plus

Nivolumab maintained an overall survival advantage
at two-year follow-up in the evaluated subgroup.
Dual checkpoint inhibition did not significantly
improve overall survival in the primary analysis
populations compared with standard chemotherapy.
The single-arm study reported an objective response
rate of 49%, supporting an alternative chemotherapy
backbone.

Subgroup analysis
relatively small sample.
Results do not establish this
combination as a superior
first-line option.

No randomized comparator.

Dang et al, Systematic review and meta- Anti-PD-1/PD-L1 monotherapy improved overall Included heterogeneous trials,
2023 18 analysis of randomized trials  survival compared with standard treatment in pooled regimens, and HNSCC
analyses. populations.
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PATIENT SELECTION AND CHOICE OF REGIMEN

PD-L1 CPS and Biomarker Interpretation: Programmed death-ligand 1 (PD-L1) immunohistochemistry is a crucial element in the patient
selection for first-line pembrolizumab in recurrent/metastatic head and neck squamous cell carcinoma (HNSCC). The positive score (CPS)
combines the percentages of PD-L1-positive tumour cells, lymphocytes, and macrophages, and is calculated by adding these percentages and
multiplying by 100. While CPS >1 identifies a disease relevant to pembrolizumab selection, there is no association between CPS and response to
therapy'®. In addition, there is technical interpretation of the results for PD-L1. However, even slight variations in the immunohistochemical
assays may impact classification around clinically relevant thresholds of CPS, so there is a need for validated testing methods and representative
tumour tissue 2°. Tumour mutational burden and T-cell-inflamed gene-expression profiles have been shown to predict response to CPS and need
further validation, but should not routinely be pursued in place of CPS assessment 2!,

Clinical Factors and Treatment Choice: Results of biomarkers should be included with Eastern Cooperative Oncology Group (ECOG)
performance status, comorbidities, organ function, prior platinum therapy, and prior immunotherapy. A regimen that emphasizes early tumour
control may be more appropriate for rapid progression, severe pain, dysphagia, threatened airway and/or extensive disease. However, there
should be some consideration for treating with monotherapy if there is significant comorbidity or if the chemotherapy is not tolerated ?2. Some
autoimmune diseases, immunosuppressive medications, and prior organ transplants require careful consideration and may be contraindications to
immune checkpoint blockade, as it could exacerbate autoimmune disease or lead to other complications 2. Lastly, the expected toxicity, quality
of life, treatment availability, and patient preference should be taken into account in shared decision-making. However, a multidisciplinary
assessment is still crucial if potentially curative salvage surgery or re-irradiation are still possible 2.

IMMUNE-RELATED TOXICITIES: RECOGNITION, MONITORING, AND MANAGEMENT

Spectrum and Clinical Presentation: Immune-related adverse events (irAEs) have the potential to occur in normal tissues as a result of
overactive immune responses against them, which is a potential side effect that PD-1 inhibitors could cause. Dermatitis, pruritus, thyroid
dysfunction, diarrhea, colitis, hepatitis and pneumonitis, myocarditis, nephritis and neurological complications are common, while other
complications are less frequent but potentially life-threatening 2°. Some of the endocrine side effects can continue after their treatment has
stopped, and may need to be treated long-term with hormones. It is important to note that irAEs can occur even after treatment and not just
during treatment. They can be mild or severe, and prompt detection is crucial to reduce any complications and to not interfere with the effective
anti-cancer treatment ¢,

Baseline Assessment and Monitoring: Clinicians should record any pre-existing autoimmune conditions, other medications being taken,
baseline symptoms, and relevant comorbidities prior to treatment. Initial laboratory tests usually consist of complete blood count, renal and
hepatic function tests, and thyroid function tests, which are further supplemented by additional tests based on clinical history and treatment
protocols ?7. Symptom assessment and lab monitoring should be repeated at clinically appropriate intervals during therapy. If there are any new
respiratory symptoms, persistent diarrhea, jaundice, severe weakness, or neurological changes, this should be evaluated promptly. Patient
education is also crucial as some toxicities occur with less specific symptoms 25,

Management According to Severity: The level of toxicity and the stability of the patient's condition depend on management. Symptomatic
treatment may be sufficient for mild events, where appropriate, along with immunotherapy. Moderate toxicities can be treated based on
presentation with interruption of treatment, further investigations, and corticosteroid use. When severe or life-threatening events occur,
immunotherapy is usually paused, immediate specialist consultation is required, and appropriate systemic corticosteroid/immunosuppressive
therapy is indicated in these cases ». For severe irAEs, corticosteroids should be gradually weaned based on clinical response and published
guidelines. Organ-specific immunomodulatory treatment may be needed for refractory cases. The extent of toxicity, the likelihood of recovery
from the toxicity, the risk of recurrence, and the potential oncologic benefit should all be taken into account when deciding about rechallenge °.
The early involvement of multiple disciplines can enhance accuracy of diagnosis and aid in the differentiation of immune-mediated injury from
disease progression or complications of treatment 3!,

Oral Cavity-Specific Considerations: The special importance of oral irAEs is due to the potential for mucosal inflammation, ulceration,
dysgeusia, dysphagia and xerostomia in OSCC, which can affect nutrition and quality of life. Pooled prevalences of about 5% for xerostomia
and 3% for mucositis/stomatitis were estimated in a meta-analysis, but it was difficult to obtain consistent reporting of these outcomes across
trials '. Specialist oral assessment and, in a few cases, biopsy may be needed to differentiate immune-mediated lesions from recurrent tumour
and previous radiotherapy and infection (Table II).

Table II: Immune-Related Adverse Events Associated with PD-1 Inhibitors and Their Clinical Management

Study Organ system/toxicity  Clinical presentation Key management consideration
(Reference)
Brahmer et al., General immune- New or worsening symptoms Grade severity, investigate promptly, and manage
202128 related toxicity affecting multiple organ systems according to organ involvement.
Chen et al., 2022 Skin Rash, pruritus, inflammatory Assess severity and institute appropriate dermatological
32 dermatitis treatment.
Husebye et al., Endocrine Thyroid dysfunction, Perform hormone assessment and provide replacement
20223 hypophysitis, adrenal therapy when indicated.
insufficiency
Zoghbi et al, Gastrointestinal Diarrhoea, abdominal pain, Exclude infection, assess severity, and initiate appropriate
2024 3 colitis treatment.
Yuetal., 20233  Pulmonary Cough, dyspnoea, suspected Promptly investigate symptoms and manage according to
pneumonitis toxicity severity.
Sprangers et al., Renal Acute kidney injury, rising Assess renal function, exclude alternative causes, and
2022 3¢ serum creatinine consider specialist evaluation.
Raschi et al., Cardiovascular Myocarditis, chest pain, Arrange urgent cardiovascular evaluation for suspected
202337 arrhythmias serious toxicity.
Srivastava et al., Oral and mucosal Xerostomia, mucositis, Differentiate immune-mediated lesions from infection,
2024 38 dysgeusia, oral pain tumour progression, and previous treatment effects.
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OSCC-SPECIFIC EVIDENCE AND RESEARCH GAPS

While PD-1 inhibitors have been approved for recurrent or metastatic head and neck squamous cell carcinoma (HNSCC), their effectiveness
specifically in oral squamous cell carcinoma (OSCC) is not as well described. Some anatomical subsites had multiple trials; the subgroups of the
oral cavity were typically underpowered to determine independent effects of treatment. Therefore, survival estimates for overall HNSCC should
not be taken as a proxy for the outcomes of OSCC .

OSCC-targeted reviews in recent years have shown great promise for immunotherapeutic agents but also included several challenges such as the
size of the patient cohorts, a wide variety of treatment regimens, and less than ideal prospective data for recurrent or metastatic disease. In
addition, resistance to primary or acquired resistance is a great challenge, and the success of PD-1 blockade is limited in the HNSCC population
40 Additional studies are needed that focus on clinical trials that are well-powered, OSCC-stratified, and prospective validation of predictive
biomarkers other than PD-L1, combined positive score, and resistance mechanisms and combinations #!. Real-world studies should provide
results by anatomical subsite, treatment sequence, and biomarker status. Standardized reporting of oral toxicities, patient-reported outcomes, and
quality of life also could enhance the clinical applicability of the evidence of immunotherapies 2.

PRACTICAL CLINICAL APPROACH AND MONITORING WORKFLOW

The diagnosis and the degree of dissemination of the disease should be re-established and discussed at a multidisciplinary tumour board at the
time of recurrence or metastasis. Assess if salvage surgery, re-irradiation or local treatment of selected oligometastatic disease is feasible before
considering systemic palliative therapy. Check performance status, comorbidities, previous platinum and immunotherapy history, symptoms,
tumour kinetics, and recent tissue; get PD-L1 combined positive score (CPS) testing if applicable for selection of first-line pembrolizumab.
Determine treatment based on the urgency of the disease, clinical eligibility, local approvals, and patient choice. Describe warning signs and
have a direct line to an emergency contact. Re-evaluate symptoms, functional status, lab abnormalities, and treatment tolerance at each visit;
follow treatment protocol and course for imaging. If immune toxicity is suspected, prompt evaluation and treatment of the organ-specific toxicity
should be done instead of waiting for the next visit. Reevaluate local treatment options, biopsy requirements, prior drug exposure, clinical trial
and supportive/palliative care requirements if disease progresses 4.

CONCLUSION

The addition of PD-1 inhibitors has led to a new paradigm in oral squamous cell carcinoma (OSCC) treatment, providing patients with
prolonged survival in a subset of those who are successfully matched. Consideration of treatment should include PD-L1 combined positive score,
disease burden, clinical urgency, prior treatment, performance status, and individual toxicity risk. However, the precision of conclusions from
OSCC populations is limited by evidence from heterogeneous groups of head and neck cancer. Future studies should focus on prospective
studies on OSCC, validation of predictive biomarkers, better methods to overcome treatment resistance, and standardized monitoring of
immune-related oral toxicities to optimize clinical outcomes and quality of life.

References

1. Badwelan M, Muaddi H, Ahmed A, Lee KT, Tran SD. Oral squamous cell carcinoma and concomitant primary tumors, what do we know? A review of the
literature. Curr Oncol. 2023;30(4):3721-3734. https://doi.org/10.3390/curroncol30040283

2. Yin G, Guo W, Duan H, Huang Z. Role of PD-1/PD-L1 inhibitors in the treatment of recurrent/metastatic head and neck squamous cell carcinoma: a
systematic review and meta-analysis. Clin Otolaryngol. 2021;46(5):1013-1020. https://doi.org/10.1111/coa.13772

3. Harrington KJ, Burtness B, Greil R, Souliéres D, Tahara M, de Castro G Jr, et al. Pembrolizumab with or without chemotherapy in recurrent or metastatic
head and neck squamous cell carcinoma: updated results of the phase III KEYNOTE-048 study. J Clin Oncol. 2023;41(4):790-802.
https://doi.org/10.1200/JC0O.21.02508

4. Liu SV, Babel RA, Kao YH, Chirovsky D, Namakydoust A, Velcheti V. 5-year real-world outcomes with first-line pembrolizumab plus chemotherapy in
advanced/metastatic NSCLC. Immunotherapy. 2025;17(14):1005-1013. https://doi.org/10.1080/1750743X.2025.2569856

5.  Al-Azzawi HMA, Hamza SA, Paolini R, Lim M, Patini R, Celentano A. PD-L1/PD-1 expression in the treatment of oral squamous cell carcinoma and oral
potentially malignant disorders: an overview of reviews. J Pers Med. 2025;15(4):126. https://doi.org/10.3390/jpm 15040126

6. Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman JE, Grandis JR. Head and neck squamous cell carcinoma. Nat Rev Dis Primers. 2020;6(1):92.
https://doi.org/10.1038/s41572-020-00224-3

7.  Tian B, Yang Y, Kuang S, Piao M, Li C, Zhao H, et al. Current status of management of immune-related adverse events and practical needs for oncologist
education. Cancer Biol Med. 2025;22(12):1515-1536. https://doi.org/10.20892/1.issn.2095-3941.2025.0346

8. Nowicki TS, Hu-Lieskovan S, Ribas A. Mechanisms of resistance to PD-1 and PD-L1 blockade. Cancer J. 2018;24(1):47-53.
https://doi.org/10.1097/PPO.0000000000000303

9. Cheng Y, Song Z, Chen J, Tang Z, Wang B. Molecular basis, potential biomarkers, and future prospects of OSCC and PD-1/PD-L1 related immunotherapy
methods. Heliyon. 2024;10(4):¢25895. https://doi.org/10.1016/j.heliyon.2024.¢25895

10. Ramalingam S, Shantha S, Muralitharan S, Sudhakar U, Thamizhchelvan H, Parvathi VD. Role of tissue markers associated with tumor microenvironment in
the progression and immune suppression of oral squamous cell carcinoma. Med Oncol. 2023;40(10):303. https://doi.org/10.1007/s12032-023-02169-

11. Xue N, Wang Y, Wang Z, Zeng X, Wang J, Zhang X. Trends in immunotherapy for oral squamous cell carcinoma. Cell Oncol. 2025;48(5):1159-1179.
https://doi.org/10.1007/s13402-025-01068-3

12. Deuss E, Kiirten C, Fehr L, Kahl L, Zimmer S, Kiinzel J, et al. Standardized digital image analysis of PD-L1 expression in head and neck squamous cell
carcinoma reveals intra- and inter-sample  heterogeneity = with  therapeutic  implications.  Cancers  (Basel). 2024;16(11):2103.
https://doi.org/10.3390/cancers16112103

13. Markovi¢ F, Hochmair M, Miiser N, Fabikan H, Rodriguez VM, Janzic U, et al. The efficacy of first-line pembrolizumab monotherapy in patients with
metastatic NSCLC aged >70 years with high PD-L1 (TPS >50%) expression: a multicenter real-world study. Cancers (Basel). 2025;17(13):2190.
https://doi.org/10.3390/cancers17132190

14. Gillison ML, Blumenschein G Jr, Fayette J, Guigay J, Colevas AD, Licitra L, et al. Long-term outcomes with nivolumab as first-line treatment in recurrent
and metastatic head and neck cancer: subgroup analysis of CheckMate 141. Oncologist. 2022;27(2):e194—e198. https://doi.org/10.1093/oncolo/oyab036

15. LiJ, Ab Rahman N, Mohamad S, Yang G, Zhao C. Efficacy of immune checkpoint inhibitors in the treatment for head and neck cancer patients: a systematic
review and network meta-analysis. Oncol Res. 2025;33(9):2263-2278. https://doi.org/10.32604/0r.2025.065911

16. Dzienis M, Cundom J, Fuentes CS, Spreafico A, Nordlinger M, Pastor AV, et al. Pembrolizumab plus carboplatin and paclitaxel as first-line therapy for
recurrent/metastatic head and neck squamous cell carcinoma (KEYNOTE-B10): a single-arm phase IV trial. J Clin Oncol. 2024;42(25):2989-2999.
https://doi.org/10.1200/JC0O.23.02625

17. Haddad RI, Harrington K, Tahara M, Ferris RL, Gillison ML, Fayette J, et al. Nivolumab plus ipilimumab versus EXTREME regimen as first-line treatment
for recurrent/metastatic squamous cell carcinoma of the head and neck: the final results of CheckMate 651. J Clin Oncol. 2023;41(12):2166-2180.
https://doi.org/10.1200/JC0O.22.00332

Submit manuscript: https://msarjournals.com/index.php/johdt/about/submissions 30



Journal of Oral Health and Dental Therapeutics. Vol. 1 No. 1 (2026): October, 2026 eISSN: 3137-1906

18. Dang S, Zhang S, Zhao J, Li X, Li W. Efficacy and safety of immune checkpoint inhibitors in recurrent or metastatic head and neck squamous cell carcinoma:
a systematic review and meta-analysis of randomized clinical trials. Cancer Med. 2023;12(20):20277-20286. https://doi.org/10.1002/cam4.6564

19. Meliante PG, Barbato C, Zoccali F, Ralli M, Greco A, de Vincentiis M, et al. Programmed cell death-ligand 1 in head and neck squamous cell carcinoma:
molecular insights, preclinical and clinical data, and therapies. Int J Mol Sci. 2022;23(23):15384. https://doi.org/10.3390/ijms232315384

20. Yeong J, Lum HYJ, Teo CB, Tan BKJ, Chan YH, Tay RYK, et al. Choice of PD-L1 immunohistochemistry assay influences clinical eligibility for gastric
cancer immunotherapy. Gastric Cancer. 2022;25(4):741-750. https://doi.org/10.1007/s10120-022-01301-0

21. Ott PA, Bang YJ, Piha-Paul SA, Abdul Razak AR, Bennouna J, Soria JC, et al. T-cell-inflamed gene-expression profile, programmed death ligand 1
expression, and tumor mutational burden predict efficacy in patients treated with pembrolizumab across 20 cancers: KEYNOTE-028. J Clin Oncol.
2019;37(4):318-327. https://doi.org/10.1200/JC0O.2018.78.2276

22. JeongJ, Seo S, Kim SB, Song JS, Kim HR, Cho BC, et al. Real-world outcomes and biomarker analysis based on routine clinical, laboratory, and pathologic
parameters in metastatic or unresectable esophageal cancer treated with first-line anti-PD-1 plus fluoropyrimidine and platinum. Cancers (Basel).
2025;17(19):3149. https://doi.org/10.3390/cancers 17193149

23. Ramos-Casals M, Brahmer JR, Callahan MK, Flores-Chavez A, Keegan N, Khamashta MA, et al. Immune-related adverse events of checkpoint inhibitors.
Nat Rev Dis Primers. 2020;6(1):38. https://doi.org/10.1038/s41572-020-0160-6

24. Williams CP, Miller-Sonet E, Nipp RD, Kamal AH, Love S, Rocque GB. Importance of quality-of-life priorities and preferences surrounding treatment
decision making in patients with cancer and oncology clinicians. Cancer. 2020;126(15):3534-3541. https://doi.org/10.1002/cncr.32961

25. Tacchi C, Convertino I, Bocci G. Immune-related adverse events associated with immune checkpoint inhibitors: a scoping review. Pharmaceuticals (Basel).
2026;19(2):276. https://doi.org/10.3390/ph19020276

26. Dokmetas M, Muglu H, Ozcan E, Bayram Kuvvet B, Helvac1 K, Kalac1 E, et al. Endocrine adverse events in patients treated with immune checkpoint
inhibitors: a comprehensive analysis. Medicina (Kaunas). 2025;61(1):123. https://doi.org/10.3390/medicina61010123

27. Castro C, Gourley M. Diagnostic testing and interpretation of tests for autoimmunity. J Allergy Clin Immunol. 2010;125(2 Suppl 2):S238-S247.
https://doi.org/10.1016/].jaci.2009.09.041

28. Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil KJ, Caterino JM, et al. Management of immune-related adverse events in patients treated with
immune checkpoint inhibitor therapy: American Society of Clinical Oncology clinical practice guideline. J Clin Oncol. 2018;36(17):1714-1768.
https://doi.org/10.1200/JC0O.2017.77.6385

29. Morgado M, Placido A, Morgado S, Roque F. Management of the adverse effects of immune checkpoint inhibitors. Vaccines (Basel). 2020;8(4):575.
https://doi.org/10.3390/vaccines8040575

30. Huang JJ, YousefiAsl M, Singh N, Grivas P, Bhatia S. Steroid-sparing strategies for managing immune-related adverse events. J Immunother Cancer.
2026;14(1):e013776. https://doi.org/10.1136/jitc-2025-013776

31. Anaya M. The diagnosis and clinical significance of  polyautoimmunity. Autoimmun Rev. 2014;13(4-5):423-426.
https://doi.org/10.1016/j.autrev.2014.01.049

32. Chen CH, Yu HS, Yu S. Cutaneous adverse events associated with immune checkpoint inhibitors: a review article. Curr Oncol. 2022;29(4):2871-2886.
https://doi.org/10.3390/curroncol29040234

33. Husebye ES, Castinetti F, Criseno S, Curigliano G, Decallonne B, Fleseriu M, et al. Endocrine-related adverse conditions in patients receiving immune
checkpoint inhibition: an European Society of Endocrinology clinical practice guideline. Eur J Endocrinol. 2022;187(6):G1-G21.
https://doi.org/10.1530/EJE-22-0689

34. Zoghbi M, Burk KJ, Haroun E, Saade M, Cruz Carreras MT. Immune checkpoint inhibitor-induced diarrhea and colitis: an overview. Support Care Cancer.
2024;32(10):680. https://doi.org/10.1007/s00520-024-08889-2

35. Yu X, Wu J, Su C. Progress in diagnosis and treatment of checkpoint inhibitor pneumonitis. Curr Opin Oncol. 2023;35(1):31-36.
https://doi.org/10.1097/CC0O.0000000000000909

36. Sprangers B, Leaf DE, Porta C, Soler MJ, Perazella MA. Diagnosis and management of immune checkpoint inhibitor-associated acute kidney injury. Nat
Rev Nephrol. 2022;18(12):794-805. https://doi.org/10.1038/s41581-022-00630-8

37. Raschi E, Rossi S, De Giglio A, Fusaroli M, Burgazzi F, Rinaldi R, et al. Cardiovascular toxicity of immune checkpoint inhibitors: a guide for clinicians.
Drug Saf. 2023;46(9):819-833. https://doi.org/10.1007/s40264-023-01320-5

38. Srivastava A, Nogueras-Gonzalez GM, Geng Y, Singh J, Myers JN, Li Y, et al. Oral toxicities associated with immune checkpoint inhibitors: meta-analyses
of clinical trials. J Immunother Precis Oncol. 2024;7(1):24-40. https://doi.org/10.36401/JIPO-23-14

39. Su WY, Su CW, Chang DC, Chuang SL, Chen S, Hsu ACY, et al. Impact of varying anatomic sites on advanced stage and survival of oral cancer: 9-year
prospective cohort of 27 717 cases. Head Neck. 2019;41(5):1475-1483. https://doi.org/10.1002/hed.25579

40. Muralidharan S, Nikalje M, Subramaniam T, Koshy JA, Koshy AV, Bangera D. A narrative review on oral squamous cell carcinoma. J Pharm Bioallied Sci.
2025;17(Suppl 1):S204-S206. https://doi.org/10.4103/jpbs.jpbs 593 25

41. Lopez-Galindo M, de Sousa-Roques M. Biomarkers in oral squamous cell carcinoma: a systematic review. Med Oral Patol Oral Cir Bucal. 2026;31(1):e82—
¢88. https://doi.org/10.4317/medoral.27565

42. Smit Y, Verweij L, Currie A, Janssen JJWM, Posthuma EFM, Dekker A, et al. Benefits and limitations of real-world patient-reported toxicity symptom
monitoring for guidelines and care, as perceived by patients, clinicians, and guideline developers. Cancer Med. 2025;14(8):e70880.
https://doi.org/10.1002/cam4.70880

43. Kotecha R, La Rosa A, Brown PD, Vogelbaum MA, Navarria P, Bodensohn R, et al. Multidisciplinary management strategies for recurrent brain metastasis
after prior radiotherapy: an overview. Neuro Oncol. 2025;27(3):597-615. https://doi.org/10.1093/neuonc/noae220

This work is published by Multidisciplinary Scholarly Advancement and Research MSAR Institute. © 2026 The Authors. The full terms of Journal Publishing policies are available at htps:/msarjournals.com/index.php/index/journal-policies and incorporate the Creative Commons Attribution - Non-Commercial (CC BY-NC 4.0)
@ @@ License https:/creativecommons.org licenses/by-nc/4.0/. By accessing the workyou hereby accept the Terms. Non-commercial uses of the work are permitted, provided the work is properly attributed. Publisher’s Note: MSAR Institute remains neutral with regard to jurisdictional claims in published maps and institutional
BY WG

affiliations, and assumes no liability for the scientific accuracy or clinical efficacy of the content herein, as they rest entirely with the authors.

Submit manuscript: https://msarjournals.com/index.php/johdt/about/submissions 31



