International Journal of Research in Medical Sciences
Godara J et al. Int J Res Med Sci. 2025 Aug;13(8):3388-3396

www.msjonline.org pISSN 2320-6071 | eISSN 2320-6012

.. . DOI: https://dx.doi.org/10.18203/2320-6012.ijrms20252412
Original Research Article

PD-1 expression on peripheral blood CD4+ T lymphocytes in treatment-
naive HNSCC patients: a flow cytometry analysis

Jatin Godara', Arti Agarwal’*, Beant Kaur?, Manish Kumar?

'Department of Pathology, V.M.M.C. & Safdarjung Hospital, New Delhi, India
2Department of Pathology, UPUMS, Saifai, Etawah, Uttar Pradesh, India
3Department of Pathology, Gastroenterology, G.B. Pant Hospital New Delhi, India

Received: 22 June 2025
Revised: 16 July 2025
Accepted: 23 July 2025

*Correspondence:
Dr. Arti Agarwal,
E-mail: artiagarwal605@gmail.com

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Background: Head and neck squamous cell carcinoma (HNSCC) is a globally prevalent malignancy with a high burden
in India. Programmed death protein-1 (PD-1), an immune checkpoint receptor, is a potential biomarker in several
cancers. However, its prognostic relevance on circulating CD4+ T cells in HNSCC remains uncertain. To evaluate PD-
1 expression on peripheral blood CD4+ T lymphocytes in treatment-naive HNSCC patients and determine its association
with clinicopathological features.

Methods: This prospective, cross-sectional study included 32 histopathologically confirmed, treatment-naive HNSCC
patients at a tertiary care center over 18 months. Peripheral blood mononuclear cells were analyzed using flow cytometry
(Cytomics FC 500, Beckman Coulter) with antibodies against CD3, CD4 and PD-1 (CD279). PD-1 expression was
quantified on gated CD4+ T cells. Statistical analysis was performed using SPSS v25.0, with significance set at p<0.05.
Results: The mean age was 49.94+10.5 years; all patients were male. The most common tumor sites were palate
(40.63%), tongue (31.25%) and oral mucosa (28.13%). The mean PD-1 expression on CD4+ T lymphocytes was
5.5142.06%. PD-1 expression showed no statistically significant association with tumor site (p=0.843), histological
differentiation (p=0.363), lymph node metastasis (p=0.930) or tumor stage (p=0.930).

Conclusions: PD-1 expression on peripheral CD4+ T cells does not correlate with tumor site, grade, stage or metastatic
status in HNSCC patients. While flow cytometric quantification of PD-1 may offer non-invasive insights, its standalone
utility as a prognostic marker in peripheral blood appears limited. Larger studies incorporating tumor microenvironment
analysis and longitudinal follow-up are warranted.
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is the
sixth most common cancer globally, contributing to
approximately 6% of new cancer cases and 1-2% of
cancer-related deaths.!? In India, it accounts for nearly
30% of all malignancies, with 60—-80% of cases diagnosed
at an advanced stage. HNSCC is the most frequent cancer
in Indian males and ranks fifth among females, largely due
to tobacco use, alcohol, poor oral hygiene and certain viral
infections.>* Programmed death-ligand 1 (PD-L1), which

inhibits anti-tumor T cell responses, is often overexpressed
in tumors. Its receptor, PD-1, is primarily found on tumor-
infiltrating lymphocytes, making the PD-1/PD-L1 axis a
key immunotherapy target. Elevated PD-1 expression on
peripheral CD4+ lymphocytes has been linked to T-cell
dysfunction and poorer outcomes in several cancers.*®
Although, the PD-1/PD-L1 pathway is increasingly
studied, its exact role in HNSCC remains unclear. PD-1 is
expressed on activated immune cells including CD4+ and
CD8+ T cells, monocytes and dendritic cells.” While its
presence in circulating tumor and immune cells is
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established in cancers like non-small cell lung carcinoma$,
its relevance in HNSCC is still under investigation.® Thus,
the present study was conducted to evaluate PD-1
expression on peripheral blood CD4+ lymphocytes in
patients with HNSCC. The findings may provide insight
into the immunopathology of HNSCC and contribute
toward optimizing immunotherapeutic strategies to
improve patient outcomes.

Aim

To evaluate expression of programmed cell death protein-
1(PD-1) by flow cytometry on CD4+ lymphocytes in
peripheral blood in patients of head and neck squamous
cell carcinoma (HNSCC).

Primary objective

To assess PD-1 expression in CD4+ lymphocytes in
peripheral blood in patients of HNSCC by flow cytometry

Secondary objective

To compare PD1 expression in HNSCC with and without
metastasis. To correlate PD1 expression with site of lesion,
grade of tumor.

METHODS

This cross-sectional study was conducted over a period of
18 months, from January 2021 to June 2022, in the
Departments of Pathology and Otorhinolaryngology at
V.MM.C and Safdarjung Hospital, New Delhi, after
obtaining clearance from the Institutional Ethics
Committee and review board. Informed written consent
was obtained from each patient prior to inclusion. All
patients with histopathologically confirmed cases of head
and neck squamous cell carcinoma (HNSCC) were
included. Patients were excluded if they had a prior history
of any other malignancy, had received chemotherapy or
radiotherapy or had cutaneous squamous cell carcinoma of
the head and neck region. Detailed history and clinical
examination were performed for all enrolled patients.
Information collected included age, gender, duration of
symptoms and chief complaints. Tumor characteristics
such as site, stage, grade and presence of metastasis were
recorded. Diagnosis, staging and grading of HNSCC were
performed according to the TNM staging system of the
American Joint Committee on Cancer (AJCC), 8th
edition.®

Sample size determination

As per the study done by Chang et al on prognostic role of
pretreatment circulating tumor cells, circulating cancer
stem cell-like cells and programmed cell death-1
expression on peripheral lymphocytes in patients with
initially unresectable, recurrent or metastatic head and
neck cancer (HNSCC) patients applying the formula to
calculate sample size.’

n= (Za/2)2xPxQ/L2
n=Sample size=33, Z=Standard deviate
a=95% CI=0.05

P=Proportional population=53
L=Allowable error=5%

(PD-1)Q=100-P,

Taking finite population as:SS/1+SS/Population
SS=Sample size=32.9

Thus, a total of 32 cases were taken for the study as
convenient sampling.

For flow cytometry 2 ml blood sample was taken in EDTA
vial from patients of HNSCC. Flow cytometer- cytomics
fc 500 (beckman and coulter) was used.

Step 1: preparation of the sample and acquiring of the
events

Blood incubated with antibodies (targeted with different
flurochromes) target at different cellular antigen — for 20
minutes. Blood was lyzed with optilyse for 20 minutes and
centrifuge at 1700 RPM for 08 minutes, discard the
supernatant. The cell pellet was washed with sheath fluid
twice. Make up the volume with sheath fluid up to 500
microlitre, the events were acquired up to 10 lacs.

Step 2: analysis single tube analysis was done using
CD3/CD45/CD4/CD8/and CD279 (PD-1).

On CD45 versus side scatter, the leucocytes were
differentiated  into  neutrophils, monocytes and
lymphocytes. On CD3+ versus CD4+ gating, T-cells
lymphocytes and gated were isolated and quantitative
expression of PD1 on T lymphocytes were noted.
Comparison and correlation if any between PD-1
expression in T lymphocytes in primary and metastatic
head and neck squamous cell carcinoma and stage and
grade of tumor were noted.

Statistical analysis

The presentation of the categorical variables was done in
the form of number and percentage (%). On the other hand,
the quantitative data were presented as the means+SD and
as median with 25th and 75th percentiles (interquartile
range). The data normality was checked by using
Kolmogorov-Smirnov test. The cases in which the data
was not normal, we used non parametric tests. The
association of the variables which were quantitative and
not normally distributed in nature were analyzed using
Mann-Whitney Test (for two groups) and Kruskal Wallis
test (for more than two groups). The data entry was done
in the Microsoft EXCEL spreadsheet (Annexure IV) and
the final analysis was done with the use of Statistical
Package for Social Sciences (SPSS) software, IBM
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manufacturer, Chicago, USA, version 25.0. For statistical 14
significance, p value of less than 0.05 was considered
statistically significant. 12
10
RESULTS
8
The mean age of the patients was 49.94+10.5 years, with a 6
median of 46 years. All 32 patients were male. Smoking
was reported in 84.38%, while 93.75% consumed alcohol. 4
The most common cancer site was the palate (40.63%), 2 I
followed by the tongue (31.25%) and oral mucosa I I
(28.13%). 0
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Figure 4: Descriptive statistics of immune markers.
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Hematological parameters revealed. Mean haemoglobin:
12.61 g/dl. Mean total leukocyte count: 12.91x10%/mm?3
Mean platelet count: 135.97 x 103/mm® Most patients
(65.63%) had moderately differentiated carcinoma;
18.75% were poorly differentiated and 15.63% were well-

differentiated. Correspondingly, 65.63% had Grade 2
tumors, 18.75% Grade 3 and 15.63% Grade 1. Tumor
staging showed stage 3 in 75% and stage 2 in 25% of
patients.

Table 1: Demographic profile of study subjects.

| Parameter Value

Number of patients 32

Gender All Male
Mean Age (years) 49.94+10.5
Median Age (years) 46

Smokers 27 (84.38%)
Alcohol Users 30 (93.75%)

Table 2: PD-1 expression based on clinicopathological features.

Feature Subgroup _Median PD-1 expression P value Significance

Tumor site Oral mucosa/tongue/palate 52/55/52 0.843 Not Significant
Metastasis Absent/present 55/52 0.930 Not Significant
Histological grade Well/moderate/poor 52/52/5.8 0.363 Not Significant
Tumor stage stage 2/stage 3 5.5/52 0.930 Not Significant

Table 3: Summary of PD-1 Expression Findings.

. P value

. Median PD-1 expression

| Tumor parameter

Site (palate, tongue, mucosa) 5.2-5.5 0.843
Metastasis (present/absent) 5.2vs.5.5 0.930
Differentiation 5.2-5.8 0.363
Stage (II vs III) 5.5vs.5.2 0.930

These results confirm that peripheral blood PD-1 expression on CD4+ T cells in HNSCC is not significantly influenced by key

clinicopathological parameters.
DISCUSSION

The progression and prognosis of head and neck squamous
cell carcinoma (HNSCC) are influenced by tumor grade,
histological differentiation and disease stage.'® This study
evaluated the expression of Programmed Cell Death
Protein-1 (PD-1) on peripheral blood CD4+ T
lymphocytes in relation to these clinicopathological
factors using flow cytometry. PD-1, a co-inhibitory
receptor of the CD28 family, is expressed on activated T
cells, regulatory T cells, NK cells, B cells and
macrophages.

Its upregulation is well documented in tumor-infiltrating
and peritumoral immune cells in HNSCC, especially at the
invasive front.!"!? Compared to conventional therapies,
anti-PD-1/PD-L1 agents have shown better efficacy and
lower toxicity in advanced HNSCC, underscoring the
clinical importance of PD-1 expression. While
intratumoral PD-1 expression has been extensively
studied, data on peripheral expression remain limited.'"!?
Our study addresses this gap and aligns with findings by
Chang et al, who reported no prognostic impact of PD-1
expression on peripheral CD4+ or CD8+ T cells in
HNSCC.®

In our cohort, PD-1 expression on peripheral CD4+ T cells
showed no significant correlation with tumor stage, site,
histological grade or metastatic status. The mean
expression was 5.5142.06 and median values across
subgroups (site, metastasis, differentiation, staging) did
not differ significantly. These negative associations may
reflect the small sample size and inter-laboratory
variability in flow cytometry. To date, only Chang et al,
have reported similar findings in a comparable cohort
(n=34), consistent with our sample size (n=32).%

Demographic and clinical characteristics

Head and neck squamous cell carcinoma (HNSCC)
primarily affects older adults. In our study, the mean age
was 49.94+10.5 years, comparable to findings by Gilyoma
et al (42 years) and Liu et al, (52.9 years), though slightly
lower than other studies, possibly due to regional and
lifestyle variations.'>-!7 All 32 patients in our cohort were
male, reflecting the well-established male predominance
in HNSCC. Similar gender distributions have been
reported with male-to-female ratios ranging from 2:1 to
4:1, largely attributed to higher rates of tobacco and
alcohol use among men. 31518
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The most common presenting complaints included
growths or ulcers in the palate (40.63%), tongue (31.25%)
and buccal mucosa (28.13%), consistent with known
clinical features of oral cavity cancers. Similar patterns
were noted by Carpen et al, Mcllwain et al and Molina et
al, Tumor sites in our study were predominantly the palate,
tongue and oral mucosa.'*?! Oral squamous cell carcinoma
(OSCC) constitutes over 90% of oral malignancies.'® High
incidences of tumors in the buccal mucosa, tongue and
larynx have also been reported by Alam et al, Liu et al and
Basumatari et al.'+!522

Tobacco and alcohol use were prevalent in our cohort, with
84.38% of patients being smokers and 93.75% reporting
alcohol consumption. These findings are in line with
established literature identifying tobacco (smoking and
chewing) and alcohol as major risk factors for HNSCC,
particularly in South Asia.!317-22-24

Among investigations, the mean haemoglobin level was
12.61£1 g/dl. Anemia is common in cancer due to chronic
inflammation, nutritional deficiency or marrow
suppression.?> Although we did not assess treatment
response, previous studies suggest that low pre-treatment
haemoglobin levels are associated with poorer outcomes
and increased recurrence rates.?>?

In terms of tumor staging, eight patients were in stage II
and 24 in stage II1. Histological grading revealed a mix of
well, moderately and poorly differentiated carcinomas.
This distribution is consistent with findings by Lin et al,
and Hong et al although variations are noted based on
patient demographics and tumor biology.'>3° Lymph node
metastases were observed in 24 patients, aligning with
reports by Lin et al and Chang et al, where nodal
involvement was seen in 38-60% of cases.®!? Distant
metastasis was not assessed in this study but remains a
critical determinant of HNSCC prognosis.

Programmed death-1 receptor: its role as an emerging
molecular marker for prognosis

Programmed Death-1 receptor (PD-1) is “an inhibitory
receptor on hematopoietic cells”, which regulates immune
responses negatively, specifically response towards
tumors that usually upregulates PD-1 ligand. PD-1/PD-1
ligand blocking antibodies can reverse the inhibition and
demonstrate significant treatment outcomes in the
treatment of RCC, lung carcinoma and melanoma.?!

Recent studies have utilized immunohistochemistry (IHC)
to assess PD-1 and PD-L1 expression in HNSCC, linking
it with patient survival. PD-L1 exists in a soluble form
(sPD-L1) in serum, as seen in melanoma and lung
adenocarcinoma and has also been identified in the plasma
of HNSCC patients by Theodoraki et al.3* PD-L1 binds to
CD80 (B7-H1), delivering inhibitory signals to T cells.
Meanwhile, PD-L2 is predominantly expressed on
antigen-presenting cells such as dendritic cells,

macrophages and B cells and similarly inhibits T-cell
activation and cytokine production.?*

Human OSCC cell lines exhibit variable PD-L1
expression, which is further upregulated upon IFN
stimulation.?® Chen et al, showed that IFN-y induces PD-
L1 viaupregulation of protein kinase D isoform 2 (PKD?2),
a downstream target of the PI3K pathway, in a time- and
dose-dependent manner.’® PD-L1 overexpression in tumor
cells is driven by both intrinsic and extrinsic mechanisms,
with IFN-y being a key cytokine mediator.

PD-1 immunostaining in HNSCC reveals elevated
expression on inflammatory cells, especially at the
invasive tumor front. PD-L1 demonstrates both
membranous and cytoplasmic staining in tumor
parenchyma and stroma, with a positive correlation
between their expression levels.’” Two distinct PD-L1
patterns are observed: diffuse staining throughout the
tumor parenchyma and peripheral staining along tumor
margins.

PD-L1/PD-1 positivity in head and neck squamous cell
carcinoma: evidence from previous studies

Lyford-Pike et al evaluated 27 patients with oropharyngeal
squamous cell carcinoma (SCC).® A 5% threshold of cell
surface PD-L1 expression on tumor cells was used to
define positivity. Overall, PD-L1 positivity was observed
in 59% of cases. Among the 20 HPV-positive HNSCC
samples, 70% (n=14) expressed PD-L1, with all of them
showing>5% tumor cell surface staining. In contrast, only
29% (n=2) of the 7 HPV-negative cases were PD-L1
positive.

Kim et al analyzed 133 patients with oropharyngeal SCC,
defining PD-L1 positivity as membrane staining in >20%
of tumor cells. PD-L1 expression was detected in 68% of
patients.?® p16 positivity, used as a surrogate marker for
HPV status, was seen in 67% of the cases. No significant
difference in PD-L1 expression was noted between HPV-
negative and HPV-positive tumors (61% vs. 71%,
p=0.274).

Hong et al studied 99 patients with tonsillar carcinoma,
defining PD-L1 positivity as any unequivocal membrane
staining of tumor cells.’® A significant association was
observed between HPV status and PD-L1 expression, with
positivity rates of 83.3% in HPV-positive and 56.9% in
HPV-negative cases (p<0.05).

Mattox et al assessed 53 patients with tongue cancer. PD-
L1 positivity was defined as >1% membranous expression
by tumor and/or immune cells.** PD-L1 positivity was
reported in 79% of samples. A positive correlation was
found between PD-L1 expression and moderate-to-high
levels of CD4+ and CD8+ tumor-infiltrating lymphocytes
(TILs). Balermpas et al analyzed 161 patients with SCC of
the oral cavity, oropharynx and hypopharynx.*! A 5% cut-
off in tumor and/or stromal cells was used to define PD-L1
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positivity. PD-L1 expression was positive in 39.1% of the
cases. PD-L1 positivity was significantly higher in HPV-
positive than in HPV-negative tumors (53% vs. 31%,
p<0.05). Ou et al studied 38 patients with SCC from
multiple head and neck subsites.*? Using a 1% cut-off,
71.1% of patients showed PD-L1 positivity. When the
threshold was raised to 5%, the positivity rate dropped to
50%.

A meta-analysis by Yang et al included 23 studies
involving 3,105 patients to assess the prognostic value of
PD-1/PD-L1 expression in HNSCC.3! The overall PD-L1
positivity rate in HNSCC was 42% (95% CI: 36—48%). No
significant differences were found between PD-LI1-
positive and negative patients in overall survival (OS; HR:
0.98, 95% CI: 0.71-1.37, p=0.93), disease-free survival
(DFS; HR: 1.07, 95% CI: 0.68—1.70, p=0.76) or disease-
specific survival (DSS; HR: 0.90, 95% CI: 0.63-1.29;
p=0.56). However, improved progression-free survival
(PFS) was observed in patients with PD-L1 positivity (HR:
0.71, 95% CI: 0.55-0.93, p=0.01). Among patients with
low CD8+ TILs, those with positive PD-L1 expression had
poorer OS (HR: 1.90, 95% CI: 1.07-3.36; p=0.03).

The PD-1/PD-L1 axis contributes significantly to the
immunosuppressive microenvironment in HNSCC,
promoting immune evasion and resistance. Inhibitory
checkpoint receptors such as PD-1, CTLA-4 and Tim-3 are
commonly expressed on dysfunctional T cells in HNSCC.
PD-1 is also present on CD4+ and CD8+ T cells in lymph
nodes and circulation. Tumor-associated macrophages
(TAMs), influenced by IL-10 secreted from OSCC tumor
cells, express PD-L1 and contribute to T-cell apoptosis and
poor prognosis. In HPV-positive HNSCC, TAMs mediate
adaptive immune resistance via PD-L1 expression at the
tumor-stroma interface, suppressing tumor-specific T cell
responses.’’

PD-L1 is also expressed on cancer-associated fibroblasts
(CAFs); around 40% of HNSCC tissues show PD-L1+
CAFs, though without clear clinical significance. In HPV-
positive tumors, fibroblasts enhance PD-L1 expression on
tumor cells. CD44+ tumor-initiating cells also evade
immune surveillance via PD-L1 expression.** Elevated
plasma exosomes in HNSCC patients contain
immunosuppressive proteins including PD-L1, CTLA-4
and COX-2, further impairing immune function.?’

A schematic (Figure 6) illustrates how PD-1/PD-LI
signaling drives tumor immune evasion in HNSCC: (A)
PD-L1 binding to PD-1 on cytotoxic T cells induces T cell
exhaustion, (B) PD-L1 inhibits CD28-CD80 co-
stimulation by binding CD80, (C) PD-1/PD-L1 interaction
suppresses NK cell activity, (D) PD-1 activation on B cells
hinders CD4+ and CD8+ T cell proliferation, (E) IFN-y
from CD4+ T cells enhances PD-L1 on TAMs, promoting
resistance, (F) Tumor cells and fibroblasts mutually
upregulate PD-L1, forming an immune-evasive loop, (G)
PD-L1-PD-1 interaction on tumor cells delivers anti-
apoptotic signals, (H) Immune checkpoint inhibitors

targeting PD-1/PD-L1 can reverse this

immunosuppression.

Biological significance and prognosis value of PD-1/PD-
L1 Axis in HNSCC tumor and peripheral blood

As the PD-1/PD-L1 pathway is implicated in immune
evasion as well as tumour development, several
researchers have examined into whether the level of PD-1
and PDL1 protein expression in tumour tissues is
associated with HNSCC clinical features as well as
biological behaviour. However, the recent findings are still
debatable. A correlation is reported between stronger PD-
L1 immunostaining in HNSCC with distant metastases and
worse outcomes, which is independent of origin of
tumor.?” Overall the results of the meta-analysis of Yang
WF et all3 (2018) opened the gates for further research on
PD-1 expression in various places like circulating tumor
cells (CTCs), CDS8 T cells and CD4 cells. Moreover, the
expression was also studied in the tumor and in peripheral
blood.

Previous studies have largely focused on PD-1 expression
in tumor-infiltrating lymphocytes (TILs) rather than
peripheral blood. Lyford-Pike et al reported higher PD-1
expression on CD4+ and CD8+ T cells in tonsil tissue
compared to peripheral blood in HNSCC patients,
suggesting limited clinical utility of peripheral PD-1
assessment a view supported by Chang et al, Waki et al,
found that in lung cancer patients receiving peptide
vaccines, a higher proportion of PD-1+CD4+ T cells
before and after treatment and a reduction in PD-1+CD8+
T cells post-treatment, correlated with longer overall
survival (0S).>8384

Lin et al analyzed 305 OSCC cases and observed higher
PD-L1 expression in females and those with distant
metastasis.!> PD-L1 was also an independent prognostic
marker in males and smokers. Similarly, Hong et al,
demonstrated improved OS and event-free survival in
HPV-positive/PD-L1-positive tonsillar cancers.’
Vassilakopoulou et al observed PD-L1 mRNA
upregulation in laryngeal SCCs and found that high TIL
density and PD-L1 levels were associated with better OS
and disease-free survival (DFS).%

In a study of 517 HNSCC patients, Lyu et al reported high
PD-1 expression in HPV-positive tumors, with improved
recurrence-free survival in those receiving radiotherapy
and better response to immunotherapy in patients with
high PD-L1 expression.*® Balermpas et al found high PD-
L1 expression and CD8+ TIL infiltration in HPV16-
positive tumors; however, PD-L1 remained a prognostic
marker only in HPV 16-negative patients.*!

Strati et al evaluated PD-L1 mRNA in circulating tumor
cells (CTCs) of 113 patients using RT-qPCR.#’ PD-L1
overexpression at end of treatment correlated with shorter
progression-free survival (PFS) and OS and absence of
PD-L1 overexpression predicted complete response
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(OR=16.00, p=0.002). Theodoraki et al, found PD-L1 in
exosomes correlated with disease activity and lymph node
status, suggesting its potential as a biomarker, while
plasma sPD-L1 and exosomal PD-1 showed no significant
correlation.*?

In RCC, increased PD-1 expression on CD4+ T cells, NK
cells and effector T cells correlated with disease stage and
levels decreased post-tumor resection, highlighting
peripheral PD-1 as a potential biomarker.!** Similarly,
Vaidaya et al found high PD-1/PD-L1 expression in
cutaneous squamous cell carcinoma (CSCC), reinforcing
its broader relevance in squamous neoplasms.>

Moratin et al observed that PD-L1 expression in OSCC
and its lymph node metastases was significantly associated
with tumor size, stage, metastasis and poor OS.>' Higher
PD-L1/PD-L2 scores were linked to worse survival. In
high-risk CSCC and transplant-associated CSCC, PD-
1/PD-L1 expression correlated with aggressive features
and perineural invasion.” Cemiplimab, a PD-1 inhibitor,
demonstrated 47-50% response rates and >6-month
durable responses in unresectable/metastatic CSCC,
leading to FDA approval.&*

These findings collectively indicate that PD-1/PD-L1
expression whether in tissue, CTCs or exosomes has
potential as a biomarker in HNSCC and other squamous
cancers. However, the prognostic role of peripheral PD-L1
expression remains underexplored and warrants further
research.

Clinical application of PD-1/PD-L1 inhibitors in head
and neck squamous cell carcinoma

Currently, the FDA has approved two PD-1 inhibitors
nivolumab and pembrolizumab for advanced HNSCC.
PD-1/PD-L1 blockade reduces tumor burden and enables
durable tumor regression. Nivolumab was approved in
2016 for recurrent/metastatic HNSCC, regardless of PD-
L1 status.’® The KEYNOTE-048 phase III trial by
Burtness et al (n=882) showed that pembrolizumab
monotherapy improved OS in PD-L1-—positive patients
compared to standard cetuximab-based chemotherapy.*’
However, no OS benefit was seen in the entire cohort.

Durvalumab and atezolizumab are PD-L1 inhibitors not
yet FDA-approved for HNSCC but have shown antitumor
activity in other settings.*® These findings emphasize the
importance of PD-1/PD-L1 profiling for personalized
immunotherapy in HNSCC.

The negative findings in our study and their study might
be because of a small sample size and standardisation
methods of flow cytometry. Follow up of the patients after
treatment was not done. Association of Hb with survival
analysis was not done. Tumor expression of PD-1 was not
determined. Cases with only lymph node metastasis were
enrolled in the study.

CONCLUSION

This study evaluated the expression of PD-1 on peripheral
CD4+ T lymphocytes in patients with head and neck
squamous cell carcinoma (HNSCC) using flow cytometry.
The results showed no statistically significant association
between PD-1 expression and clinicopathological
variables including tumor stage, site, histological
differentiation or lymph node metastasis. These findings
suggest that PD-1 expression on circulating CD4+ T cells
may not reflect tumor burden or aggressiveness in
treatment-naive HNSCC patients. Further large-scale,
prospective studies incorporating longitudinal monitoring
and correlation with treatment response and survival
outcomes are warranted. Future research should also
assess PD-1  expression  within the  tumor
microenvironment to determine its concordance with
peripheral blood levels and explore its potential as a
biomarker for immunotherapy response.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Jemal A, Bray F, Ferlay J, Ward E, Forman D, Center
MM. Global cancer statistics. CA Cancer J Clin
2011;61(2):69-90.

2. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers
C, Rebelo M, et al. Cancer incidence and mortality
worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer. 2015;136(5):359—
86.

3. Joshi P, Dutta S, Chaturvedi P, Nair S. Head and neck
cancers in developing countries. Rambam
Maimonides Med J 2014;5(2):9.

4. Kulkarni MR. Head and neck cancer burden in India.
Int J Head Neck Surg. 2013;4(1):29- 35.

5. Waki K, Yamada T, Yoshiyama K, Terazaki Y,
Sakamoto S, Matsueda S, et al. PD-1 expression on
peripheral blood T-cell subsets correlates with
prognosis in non-small cell lung cancer. Cancer Sci
2014;105(10):1229-35.

6. Wu XL, Tu Q, Faure G, Gallet P, Kohler C,
Bittencourt MD, et al. Diagnostic and Prognostic
Value of Circulating Tumor Cells in Head and Neck
Squamous Cell Carcinoma: A systematic review and
meta-analysis. Sci Rep. 2016;6:20210.

7. Han Y, Liu D, Li L. PD-1/PD-L1 pathway: current
researches in cancer. Am J Cancer Res.
2020;10(3):727-42.

8. Zanoni DK, Patel SG, Shah JP. Changes in the 8th
Edition of the American Joint Committee on Cancer
(AJCC) Staging of Head and Neck Cancer: Rationale
and Implications. Curr Oncol Rep. 2019;21(6):52.

9. Chang PH, Wu MH, Liu SY, Wang HM, Huang WK,
Liao CT, et al. The prognostic roles of pretreatment
circulating tumor cells, circulating cancer stem-like

International Journal of Research in Medical Sciences | August 2025 | Vol 13 | Issue 8 Page 3394



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Godara J et al. Int J Res Med Sci. 2025 Aug;13(8):3388-3396

cells and programmed cell death-1 expression on
peripheral lymphocytes in patients with initially
unresectable, recurrent or metastatic head and neck
cancer: an exploratory study of three biomarkers in
one-time blood drawing. Cancers. 2019;15;11(4):540.
Yavrouian EJ, Sinha UK. Recent advances in
biomarkers and potential targeted therapies in head
and neck squamous cell carcinoma. ISRN Surg
2012;20:715743.

Yang WF, Wong MCM, Thomson PJ, Li KY, Su YX.
The prognostic role of PD-L1 expression for survival
in head and neck squamous cell carcinoma: A
systematic review and meta-analysis. Oral Oncol.
2018;86:81-90.

Lin YM, Sung WW, Hsieh MJ, Tsai SC, Lai HW,
Yang SM, et al. High PD-L1 expression correlates
with metastasis and poor prognosis in oral squamous
cell carcinoma. PLoS ONE. 2015;10:142656.
Gilyoma JM, Rambau PF, Masalu N, Kayange NM,
Chalya PL. Head and neck cancers: a clinico-
pathological profile and management challenges in a
resource-limited  setting. BMC Res  Notes.
2015;8:772.

Liu SA, Wang CC, Jiang RS, Lee FY, Lin WJ, Lin JC.
Pathological features and their prognostic impacts on
oral cavity cancer patients among different subsites —
A singe institute’s experience in Taiwan. Sci Rep.
2017;7:7451.

Basumatari S, Datta B, Deka AJ. Demographic and
epidemiological profile in ent and head and neck
cancer patients. J Evol Med Dent Sci. 2017;6:6417—
22.

Bouckaert, Munzhelele T, Feller L, Lemmer J, Rag K.
The clinical characteristics of oral squamous cell
carcinoma in patients attending the Medunsa Oral
Health Centre, South Africa Integr Cancer Sci Therap.
2016;3(5):575-8.

Fasunla AJ, Ogundoyin OA, Onakoya PA, Nwaorgu
OG. Malignant tumors of the Ilarynx:
Clinicopathologic profile and implication for late
disease presentation. Niger Med J Niger Med Assoc.
2016;57:280-5.

Sidhu A, Dhaliwal SS, Singh S. Clinical profile of
patients of head and neck cancers- a prospective study
of 100 cases. Int J Curr Adv Res. 2020;9(3):21472-8.
Carpén T, Sjoblom A, Lundberg M, Haglund C,
Markkola A, Syrjanen S, et al. Presenting symptoms
and clinical findings in HPV-positive and HPV-
negative oropharyngeal cancer patients. Acta
Otolaryngol (Stockh). 2017;138:1-6.

Mcllwain WR, Sood AJ, Nguyen SA, Day TA. Initial
symptoms in patients with HPV- Positive and HPV-
negative oropharyngeal cancer. JAMA Otolaryngol
Neck Surg. 2014;140:441-7.

Molina JR, Aubry MC, Lewis JE, Wampfler JA,
Williams BA, Midthun DE, et al. Primary salivary
gland-type lung cancer: spectrum of clinical
presentation, histopathologic and prognostic factors.
Cancer. 2007;110:2253-9.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Alam MS, Siddiqui SA, Perween R. Epidemiological
profile of head and neck cancer patients in Western
Uttar Pradesh and analysis of distributions of risk
factors in relation to site of tumor. J Cancer Res Ther.
2017;13:430-5.

Elrefacy S, Massaro MA, Chiocca S, Chiesa F,
Ansarin M. HPV in oropharyngeal cancer: the basics
to know in clinical practice. Acta Otorhinolaryngol
Ital. 2014;34(5):299-309.

Rathore S, Rashmi MV, Singh PK. EGFR scoring in
head and neck squamous cell carcinoma and its
association with clinicopathological variables. Int J
Med Res Review. 2017;5(7):731-9.

Ibrahim D, Hasaballah M, El-Begermy M, Ahmed A,
Abuelela S. Impact of pre- radiotherapy and/or
chemoradiotherapy hemoglobin level on response to
treatment in laryngeal and hypophayrngeal squamous
cell carcinoma. J Cancer Therapy. 2018;9:362- 81.
Narayanaswamy RK, Potharaju M, Vaidhyswaran
AN, Perumal K. Pre-radiotherapy haemoglobin level
is a prognosticator in locally advanced head and neck
cancers treated with concurrent chemoradiation. J
Clin Diagn Res. 2015;9:14-8.

Schafer U, Micke O, Muller SB, Schuller P, Willich
N. Hemoglobin as an Independent Prognostic Factor
in the Radiotherapy of Head and Neck Tumors.
Strahlentherapie und Onkologie. 2003;179:527-34.
Montgomery J, Syed MI, Rana I, Singh J, Clark LJ.
Hemoglobin monitoring in head and neck cancer
patients undergoing radiotherapy. Annal Otol Rhinol
Laryngol. 2010;119:472-5.

Haddad R, Suntharalingam M, Chen T. Pretreatment
hemoglobin is associated with response to
chemoradiation therapy (CRT) in patients with
advanced unresectable squamous cell carcinoma of
the head and neck. Proceed Am Soc Clin Oncol.
2001;19:417.

Hong AM, Vilain RE, Romanes S, Yang J, Smith E,
Jones D, et al. PD-L1 expression in tonsillar cancer is
associated with human papillomavirus positivity and
improved survival: implications for anti-PD1 clinical
trials. Oncotarget 2016;7(47):77010-20.

MacFarlane AW, Jillab M, Plimack ER, Hudes GR,
Uzzo RG, Litwin S, et al. PD-1 expression on
peripheral blood cells increases with stage in renal cell
carcinoma patients and is rapidly reduced after
surgical tumor resection. Cancer Immunol Res.
2014;2(4):320-31.

Buderath P, Schwich E, Jensen C, Horn PA, Kimmig
R, Kasimir-Bauer S, et al. Soluble programmed death
receptor ligands sPD-L1 and sPDL2 as liquid biopsy
markers for prognosis and platinum response in
epithelial ovarian cancer. Front Oncol. 2019;9:1015.
Theodoraki MN, Yerneni SS, Hoffmann TK, Gooding
WE, Whiteside TL. Clinical significance of PD-L1(+)
exosomes in plasma of head and neck cancer patients.
Clin Cancer Res. 2018;24:896-905.

Rodig N, Ryan T, Allen JA, Pang H, Grabie N,
Chernova T, et al. Endothelial expression of PD-L1

International Journal of Research in Medical Sciences | August 2025 | Vol 13 | Issue 8 Page 3395



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Godara J et al. Int J Res Med Sci. 2025 Aug;13(8):3388-3396

and PD-L2 down-regulates CD8+ T cell activation
and cytolysis. Eur J Immunol. 2003;33:3117-26.
Tsushima F, Tanaka K, Otsuki N, Youngnak P, Iwai
H, Omura K, et al. Predominant expression of B7-H1
and its immunoregulatory roles in oral squamous cell
carcinoma. Oral Oncol. 2006;42:268-74.

Chen J, Feng Y, Lu L, Wang H, Dai L, Li Y, et al.
Interferon-g-induced PD-L1 surface expression on
human oral squamous carcinoma via PKD2 signal
pathway. Immunobiology 2012;217:385-93.

Qiao XW, Jiang J, Pang X, Huang MC, Tang YJ,
Liang XH, et al. The evolving landscape of PD-1/PD-
L1 pathway in head and neck cancer. Front Immunol.
2020;11:1721.

Lyford-Pike S, Peng S, Young GD, Taube JM, Westra
WH, Akpeng B, et al. Evidence for a role of the PD-
1:PD-L1 pathway in immune resistance of HPV-
associated head and neck squamous cell carcinoma.
Cancer Res. 2013;73(6):1733-41.

Kim HS, Lee JY, Lim SH, Park K, Sun JM, Ko YH,
et al. Association between PD-L1 and HPV status and
the prognostic value of PD-L1 in oropharyngeal
squamous cell carcinoma. Cancer Res Treat.
2016;48(2):527-36.

Mattox AK, Lee J, Westra WH, Pierce RH, Ghossein
R, Faquin WC, et al. PD-1 expression in head and
neck squamous cell carcinomas derives primarily
from functionally anergic CD4+ TILs in the presence
of PD-L1+ TAMs. Cancer Res. 2017;77(22):6365-74.
Balermpas P, Rodel F, Krause M, Linge A, Lohaus F,
Baumann M, et al. The PD-1/PD- L1 axis and human
papilloma virus in patients with head and neck cancer
after adjuvant chemoradiotherapy: a multicentre study
of the German cancer consortium radiation oncology
group (DKTK-ROG). Int J Cancer. 2017;141:594—
603.

Ou D, Adam J, Garberis I, Blanchard P, Nguyen F,
Levy A, et al. Clinical relevance of tumor infiltrating
lymphocytes, PD-L1 expression and correlation with
HPV/p16 in head and neck cancer treated with bio- or
chemo-radiotherapy. Oncoimmunology.
2017;6(9):1341030.

Lee Y, Shin JH, Longmire M, Wang H, Kohrt HE,
Chang HY, et al. CD44+ cells in head and neck
squamous cell carcinoma suppress T-cell-mediated
immunity by selective constitutive and inducible
expression of PD-L1. Clin Cancer Res.
2016;22:3571-81.

Zhang W, Bai JF, Zuo MX, Cao XX, Chen M, Zhang
Y, et al. PD-1 expression on the surface of peripheral

45.

46.

47.

48.

49.

50.

51.

52.

53.

blood CD4+ T cell and its association with the
prognosis of patients with diffuse large B-cell
lymphoma. Cancer Med. 2016;5(11):3077-84.
Vassilakopoulou M, Avgeris M, Velcheti V, Kotoula
V, Rampias T, Chatzopoulos K, et al. Evaluation of
PD-L1 cinoma. Clin Cancer Res. 2016;22:704—13.
Lyu X, Zhang M, Li G, Jiang Y, Qiao Q. PD-1 and
PD-L1 Expression Predicts Radiosensitivity and
Clinical Outcomes in Head and Neck Cancer and is
Associated with HPV Infection. J Cancer.
2019;10(4):937-48.

Strati A, Koutsodontis G, Papaxoinis G, Angelidis I,
Zavridou M, Economopoulou P, et al. Prognostic
significance of PD-L1 expression on circulating
tumor cells in patients with head and neck squamous
cell carcinoma. Ann Oncol. 2017;28(8):1923-33.
Ibrahim R, Stewart R, Shalabi A. PD-L1 blockade for
cancer treatment: MEDI4736. Semin Oncol.
2015;42:474-83.

Burtness B, Harrington KJ, Greil R, Souliéres D,
Tahara M, de Castro G Jr, et al. Pembrolizumab alone
or with chemotherapy versus cetuximab with
chemotherapy for recurrent or metastatic squamous
cell carcinoma of the head and neck (KEYNOTE-
048): arandomised, open-label, phase 3 study. Lancet.
2019;394:1915-28.

Ferris RL, Blumenschein G, Fayette J, Guigay J,
Colevas AD, Licitra L, et al. Nivolumab vs
investigator’s choice in recurrent or metastatic
squamous cell carcinoma of the head and neck: 2-year
long-term survival update of checkMate 141 with
analyses by tumor PD-L1 expression. Oral Oncol.
2018;81:45-51.

Moratin J, Metzger K, Safaltin A, Herpel E, Hoffmann
J, Freier K, et al. Upregulation of PD-L1 and PD-L2
in neck node metastases of head and neck squamous
cell carcinoma. Head Neck. 2019;41:2484-91.
Vaidya P, Mehta A, Ragab O, Lin S, In GK.
Concurrent radiation therapy with programmed cell
death protein 1 inhibition leads to a complete response
in advanced cutaneous squamous cell carcinoma.
JAAD Case Rep. 2019;5(9):763-6.

Shibata H, Saito S, Uppaluri R. Immunotherapy for
head and neck cancer: a paradigm shift from induction
chemotherapy to neoadjuvant immunotherapy. Front
Oncol. 2021;11:727433.

Cite this article as: Godara J, Agarwal A, Kaur B,
Kumar M. PD-1 expression on peripheral blood
CD4+ T lymphocytes in treatment-naive HNSCC
patients: a flow cytometry analysis. Int J] Res Med Sci

2025;13:3388-96.

International Journal of Research in Medical Sciences | August 2025 | Vol 13 | Issue 8 Page 3396



