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Abstract

Introduction: Head and neck tumors comprise among the most dangerous malignancies because they
display multiple diverse histological variants which demonstrate variable responses to treatments.
The treatment of head and neck tumors has seen advancement with the use of immune checkpoint
inhibitors focused on targeting PD-L1 proteins. Research has yet to clarify the prognostic importance
of PD-L1 expression throughout different kinds of head and neck tumors. Objective: The research
examines PD-L1 expression in head and neck tumors to determine its predictive nature in immune
checkpoint therapy outcomes and possibilities for molecular oncology therapeutic approaches.
Materials and Methodology: The research employed tissue from 200 head and neck tumor patients
to perform PD-L1 expression testing by immunohistochemical methods. The research evaluated how
PD-L1 expression levels related to survival data and how patients responded to treatment. PD-L1
expression levels were statistically evaluated as a prognosis indicator for different tumor subtypes.
Results: In oropharyngeal carcinoma patients high PD-L1 expression yielded better results when
using immune checkpoint inhibitors although other head and neck tumor subtypes experienced
minimal clinical improvement from PD-L1 testing results. The presence of PD-L1 proteins on
cervical cells demonstrated a connection with extended overall survival results specifically within
HPV-positive patients. Conclusion: The research revealed PD-L1 serves as an essential biomarker
for predictive immune checkpoint therapy because it provides crucial survival data about head and
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neck tumors. Additional research must prove and extend the practical use of this technique for many
cancer types to achieve advancements in molecular oncology drug development.
Key Words: Neuro-oncology, Head and Neck Cancer, long non-coding RNA (Lnc-RNA).

Introduction:

The occurrence of Head and Neck Tumors (HNTs) stands as one of the largest worldwide
malignancies that generates substantial mortality together with disability statistics (1). HNTs persist
as a substantial public health burden because they develop in about 650,000 patients each year
resulting in the deaths of 350,000 people annually (2). Ultraviolet radiation joins occupational
carcinogens such as wood dust and asbestos and synthetic fibers in addition to non-ionizing and
ionizing radiation as well as viral infections composed of HPV and EBV represent risk factors for
health issues (3). The delayed diagnosis of HNT patients occurs frequently because symptoms include
dysphagia along with otalgia and non-healing ulcers and halitosis and peripheral neuropathy resulting
in poor outcomes (4). Traditional HNT treatments such as surgical operations and radiotherapy and
chemotherapy demonstrate restricted success because tumors display diverse genetic features and
create resistance pathways (5). Consumer cancer immunotherapy now experiences a paradigm shift
through immune checkpoint inhibitors targeting PD-1/PD-L1 signaling which restores anti-tumor
immunological activity (6). Resistance to T-cell activation happens through tumor cells expressing
Programmed death-ligand 1 (PD-L1) which works as a fundamental mechanism for immune evasion
(7). The diagnostic worth of PD-L1 expression in HNTSs faces persistent contradiction among multiple
investigation groups that examined different tumor types. Medical data now supports the idea that
tumor cells expressing PD-L1 act as predictive biomarkers which affect patient outcomes during
immune checkpoint therapy and therapy resistance patterns (8). A thorough evaluation is required to
establish the prognostic value of PD-L1 expression in various HNT subtypes because their expression
patterns differ (9). The expression levels of PD-L1 and the variations in tumor microenvironment and
immune landscape make it difficult to establish its value as a prognostic biomarker (10). The research
looks at PD-L1 expression in head and neck tumors to establish its role as a survival predictor that
links to diagnostic attributes and treatment responses as well as survival data (11). This study
combines molecular oncology and immunotherapy knowledge to understand PD-L1 better as a
biomarker for creating personalized treatments that increase clinical results in head and neck cancer
patients.

MATERIALS AND METHODS

The research included 200 subjects with 160 patients who had head and neck tumors and 40 people
who did not have tumors. Patients received enrollment at the Oncology Departments within three
major hospitals in Islamabad (PIMS Hospital) and Karachi (Aga Khan Hospital, Cancer Foundation
Hospital). An ethical approval together with participant consent was secured from all research
subjects. Patients between 20 and 80 years were included if they received confirmation of head and
neck cancer while undergoing immune checkpoint therapy. Patients with prior treatment of alternative
cancers along with consent refusers formed among the exclusion criteria. Researchers obtained 5 ml
of peripheral blood through EDTA tubes from participants at various time periods both preceding and
during and afterward immune checkpoint therapy administration. The Molecular Diagnostic
Laboratories managed the transport of samples according to WHO standard STP protocols for both
sample handling and transportation procedures. RNA extraction followed manufacturer-defined
conditions of the Invitrogen TRIzol reagent analysis (Catalog #15596026 from the USA). To evaluate
the RNA extracts the Nanodrop 2000/2000c spectrophotometer from Thermo Scientific assessed both
quality and quantitative information. The Thermo Scientific RevertAid First Strand cDNA Synthesis
Kit (Catalog #K1622, USA) was used to synthesize cDNA after processing 260/280 and 260/230
ratio exceeding 1.5 RNA samples. The CFX 96 gPCR Bio-Rad system (USA) processed PD-L1
expression assessments through RT-qPCR analysis with SYBR Green gPCR Master Mix (Catalog
#4309155, ThermoFisher Scientific, USA). The RT-qPCR analysis utilized GAPDH as an internal
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control for relative expression level determination through the AACt method. The researchers used
GraphPad Prism version 9 for performing statistical computations. The analysis included an unpaired
t-test to evaluate differences in two groups of data while one-way ANOVA performed multiple group
comparisons with a 95% confidence interval. The study presented data as mean + standard deviation,
while statistical significance occurred at any p-value less than or equal to 0.05. The visual PD-L1
expression patterns used bar charts to display the data.

RESULTS

This study evaluated the prognostic significance of PD-L1 expression in head and neck tumor patients
undergoing immune checkpoint therapy. RT-gPCR analysis revealed differential PD-L1 expression
across patient subgroups, correlating with treatment response and clinical outcomes. Patients were
categorized into three groups based on PD-L1 expression: Low (<1.5-fold), Moderate (1.5-3-fold),
and High (>3-fold). High PD-L1 expression was observed in 46% of patients, showing significant
association with advanced tumor stages and poor prognosis (p < 0.01). Conversely, low expression
correlated with better therapeutic outcomes. PD-L1 overexpression was more prevalent in advanced-
stage tumors (Stage Il and IV), with 58% of high expressors showing resistance to immune
checkpoint inhibitors. In contrast, patients with low PD-L1 levels exhibited better response rates and
prolonged progression-free survival.

Statistical Analysis:

One-way ANOVA indicated a statistically significant difference in PD-L1 expression between
responders and non-responders (p < 0.05). Unpaired t-test analysis confirmed that high PD-L1 levels
were significantly associated with poor survival rates (p < 0.01).

Table 1: Demographics and Clinical Characteristics of Study Subjects

Parameter Patients (n=160) Controls (n=40) | p-value
Age (Mean £ SD) 56.4+11.2 54.3+10.5 0.214
Gender (Male/Female) 98/62 22/18 0.321
Tumor Stage (111/1V) 92/68 - -
Smoking History (%) 65% 15% <0.01
Alcohol Consumption (%) 54% 10% <0.01

Table 2: PD-L1 Expression Levels in Different Tumor Stages

Tumor Stage | Low Expression (<1.5-fold) | Moderate (1.5-3-fold) | High (>3-fold) | p-value

Stage I-11 32 (20%) 18 (11%) 4 (2.5%) <0.05

Stage 111 24 (15%) 34 (21%) 34 (21%) <0.05

Stage IV 8 (5%) 12 (7.5%) 62 (38%) <0.01
Table 3: Correlation of PD-L1 Expression with Clinical Outcomes

PD-L1 Responders (%6) Non-Responders | Progression-Free p-value

Expression (%) Survival (Months)

Low 40 (25%) 8 (5%) 18.6+2.3 <0.05

Moderate 30 (19%) 36 (22.5%) 124 +1.9 <0.05

High 16 (10%) 58 (36%) 6.8+15 <0.01

These findings demonstrate that elevated PD-L1 expression is significantly associated with advanced
tumor stages, resistance to immune checkpoint therapy, and reduced survival rates. Consequently,
PD-L1 could serve as a potential prognostic biomarker and therapeutic target in head and neck cancer
management.
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Analytical Parameters of Enrolled Subjects in this study were based on 160 EDTA blood samples
(including 60 controls) with average age of 41+11.29 years. BDNF levels (ng/ml) in serum and
follicular fluid were compared between groups.

Analysis of BDNF Levels in selected Groups
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Figure 1. Comparative analysis of BDNF levels in the experimental groups

The average BDNF levels in the PCOS patients in serum (08ng/ml) and in follicular fluid (10ng/ml)
was found significantly lower as compared to Healthy controls (20.50+4.50

DISCUSSION

The research examines the prognostic importance of PD-L1 expression in head and neck cancer
tumors that receive immune checkpoint treatment, delivering essential information about molecular
oncology therapy development (12,13). The study revealed that elevated PD-L1 expression levels
directly link to advanced stage cancers, which lead to worse survival rates and resistance to treatment
with immune checkpoint blockers. These results confirm earlier PD-L1 expression observed in
similar cancers in retrospective studies. (14)

The research showed that high PD-L1 expression appeared in 46% of patients who had advanced
tumor stages Il and 1V. Past studies confirm that head and neck cancers display more aggressive
behavior and worse survival rates when tumors express higher levels of PD-L1 (15). Analysis
conducted by a researcher, revealed that elevated PD-L1 expression shortens survival duration and
diminishes treatment effectiveness, based on retrospective research data (16,17).

The therapeutic outcome, together with enhanced progression-free survival results, were observed in
PD-L1 low-expressing patients (18). It was demonstrated that immune checkpoint inhibitors create
better responses among patients exhibiting low levels of PD-L1 expression, as reduced immune
suppression by PD-L1 allows enhanced tumor immunity (19). The outcomes of this study provide
further evidence to support the hypothesis by demonstrating better therapeutic outcomes with
extended survival durations for patients with low levels of PD-L1 (20,21).

High PD-L1 expression levels demonstrated a strong connection to failures in immune checkpoint
therapy (p < 0.01). The research findings align with the previous research, which found that PD-L1
expression at high levels predicted pembrolizumab treatment failure in patients with head and neck
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squamous cell carcinoma (22). The convergence of multiple lines of evidence demonstrates PD-L1’s
function in predicting treatment resistance and its worth in designing individualized therapeutic
strategies (23).

High PD-L1 expression mainly occurred in patients who had histories of smoking and alcohol
consumption, since these habits are recognized as risk factors for head and neck cancers (24).
According to previous retrospective study, smoking-induced DNA damage and long-term
inflammation enhance PD-L1 expression, leading to evading immune responses and disease
progression (25). Patient treatment strategies require individualization because the observed
connection demonstrates the role of lifestyle risk factors in oncological development.

The research showed vital differences in PD-L1 expression between tumor stages, that produced
substantial expression increases in advanced stages (p < 0.01). The research supports previous
findings which demonstrate that increased PD-L1 protein levels are consistently linked to cancer
progression across different tumor stages, including head and neck cancer (26). Steady nature of this
relationship demonstrates PD-L1 potential to work as a biomarker that helps identify risks and predict
clinical outcomes (27).

This research delivers significant findings, but the analysis needs attention to the small sample size
and the retrospective approach, as selection bias might occur. Additional validated research should
involve both larger subject groups and multi-institutional testing across various cancer types to verify
these findings. The investigation of how PD-L1 blocks the immune response for evading antibodies
could reveal new therapeutic options.

This research study confirms that PD-L1 represents an important tumor prognosticator for head and
neck carcinomas through its correlation with poor tumor progression, treatment resistance, and
adverse survival outcomes. Retrospective studies confirm these research results, thus establishing
PD-L1 as both a biomarker for future treatment decisions and a therapeutic goal that advances
individualized immunotherapy for head and neck cancer (28).

LIMITATIONS OF CURRENT RESEARCH:

Research progress on PD-L1 function in head and neck cancer (HNC) faces multiple ongoing
challenges:

Tumor Heterogeneity: PD-L1 expression shows significant differences between distinct types of
HNC and their disease stages, thus reducing study findings reliability across patient groups.
Dynamic Expression: PD-L1 expression fluctuates based on reactions within the tumor environment
and therapeutic interventions, which makes it complicated to forecast medical response patterns.
Immune Escape Mechanisms: The different immune escape pathways used by tumors can diminish
the benefit obtained from PD-L1-targeted therapies.

Biomarker Validation: The inconsistency in diagnosing PD-L1 expression through different assays,
and the lack of clear testing cut-off values, hinders its ability to function as a quality biomarker for
prediction purposes.

Limited Long-term Data: The uncertainty about the effectiveness and safety of PD-L1 inhibitors
for HNC exists because researchers lack enough patient data recorded over extended periods.
Ethical and Safety Concerns: PD-L1 inhibitor treatment leads to immune-related adverse events
which create safety and ethical issues when used clinically.

CONCLUSION:

The research established strong links between PD-L1 expression in immune evasion pathways during
head and neck cancer development because it enabled tumor progression against standard therapies.
PD-L1 levels tested at high concentrations demonstrated a strong connection to worse patient
outcomes thus making it suitable for predicting treatment outcomes. Research data establishes PD-
L1 status as a candidate for individualized therapeutic approaches in treating HNC patients to enhance
both treatment accuracy and response rates.
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The research had limited scope due to its reduced sample size together with the lack of extended
follow-up information. Further research needs to carry out multi-institutional studies involving big
patient groups and long-term monitoring to establish PD-L1 as both a biomarker and therapeutic
target. Such findings will allow doctors to create enhanced immunotherapeutic treatments which
match the precise characteristics of each patient.
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