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Comparison of PD-L1 expression
in head and neck squamous cell
carcinoma among preoperative
biopsy, surgical resection and
metastatic lymph node
Heeseung Sohn 1 , Meejeong Kim 1 , Sang-Yeon Kim 2 ,
Dong-Il Sun 2 and Youn Soo Lee 1*

1Department of Hospital Pathology, College of Medicine, The Catholic University of Korea,
Seoul, Republic of Korea, 2Department of Otorhinolaryngology-Head and Neck Surgery, College of
Medicine, The Catholic University of Korea, Seoul, Republic of Korea
Background: The interpretation of PD-L1 expression in advanced head and neck
squamous cell carcinoma (HNSCC) has recently emerged as a component of
companion diagnostics, essential in identifying candidates for immune
checkpoint inhibitors (ICIs). However, evaluating PD-L1 expression using the
combined positive score (CPS) and tumor proportion score (TPS) has posed
challenges, particularly in selecting appropriate specimens and determining
hotspots for measurement.
Methods: This study included 68 HNSCC cases from the oropharynx and tongue,
collecting complete sets of preoperative biopsy, surgical resection, and
metastatic lymph node samples. PD-L1 22C3 staining was performed on each
204 samples to assess PD-L1 expression. The CPS and TPS were measured in all
samples using QuPath, an open-source bioimage analysis tool. Statistical
comparisons of CPS and TPS among the three specimen types were
conducted using Kruskal-Wallis test.
Results: Signi�cant discrepancies were observed in both CPS and TPS between
biopsy and surgical resection (p <0.01, respectively), as well as in both CPS and
TPS between resection and metastatic lymph node (p <0.01, respectively).
However, no signi�cant statistical differences were observed between the
biopsy and metastatic lymph node.
Conclusions: Our analysis highlights the heterogeneity of PD-L1 expression
across different specimen types. Signi�cant variability exists between the
preoperative biopsy and surgical resection, and between surgical resection and
metastatic lymph node in patients with HNSCC. These �ndings suggest that PD-
L1 expression varies in response to tumor microenvironment across various
tumor areas and time frames. Therefore, individualized PD-L1 assessment for
each specimen type is crucial for accurately determining eligibility for ICIs.
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1 Introduction

Head and neck cancer is the seventh most common type of
malignancy, with approximately 890,000 new cases diagnosed
worldwide annually (1). Over 90% of these cases are classi�ed as
squamous cell carcinoma. Head and neck squamous cell carcinoma
(HNSCC) signi�cantly impairs a patient’s quality of life, with a high
risk of metastasis or recurrence, often leading to poor clinical
outcomes despite multimodal treatment strategies.

Programmed death-ligand 1 (PD-L1) is an immune checkpoint
protein expressed on tumor cells. Its interaction with PD-L1
receptors on T cells results in immune tolerance, allowing tumor
cells to evade immune surveillance. Several studies that have
reported an association between PD-L1 expression and clinical
factors in HNSCC, with some suggesting that the presence of
human papilloma virus (HPV) is associated with higher PD-L1
expression likely due to immune activation (2).

The introduction of immune checkpoint inhibitors (ICIs) has
revolutionized cancer treatment by restoring T cell-mediated
immune responses against tumor cells . ICIs, such as
pembrolizumab, has been approved as both a �rst-line and
second-line treatment options for advanced HNSCC. Accurate
pathological assessment of PD-L1 expression, using the combined
positive score (CPS) and tumor proportion score (TPS), remains
critical for guiding patient selection.

Based on the KEYNOTE-689 trial, current guidelines
recommend pembrolizumab for patients with resectable, locally
advanced HNSCC (stage III–IVA) when CPS is �1 in the �rst-line
setting and TPS is �50% in the second-line setting (3). In addition,
the CHECKMATE-141 trial demonstrated that nivolumab is
effective in recurrent HNSCC irrespective of PD-L1 expression or
p16 status (4).

Many studies have examined PD-L1 expression levels in cohorts
of patients with non-small cell lung cancer (NSCLC). Some have
demonstrated intra-tumoral heterogeneity of PD-L1 expression (4),
as well as inter-site heterogeneity within individual tumors (5, 6),
raising the question of whether PD-L1 expression changes during
tumor metastasis.

In the HNSCC, some contradictory reports suggest that a single
specimen may adequately represent the PD-L1 expression of the entire
tumor, regardless of the degree of intra-tumoral heterogeneity (7),
while others indicate that recurrent or metastatic tumors may show
distinct PD-L1 expression patterns compared to primary tumors (8).

Despite the clinical signi�cance of PD-L1 expression, its
consistency across different specimen types—including
preoperative biopsy, surgical resection, and metastatic lymph
nodes—remains controversial . However, there are no
standardized guidelines for PD-L1 interpretation across different
specimen types. There is no consensus on which tissue should best
be used for PD-L1 immunohistochemical testing to avoid
misclassi�cation of PD-L1 status (9).

This study aims to investigate the heterogeneity of PD-L1
expression across different specimen types in HNSCC and to analyze
the comparative relationships between CPS and TPS measurements.
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2 Materials and methods

2.1 Patient and material

Between 2014 and 2023, histologically con�rmed cases of
HNSCC were retrieved from the pathology archives of the
Department of Hospital Pathology, Seoul St. Mary’s Hospital. A
total of 68 cases were retrospectively selected, comprising tumors of
the oropharynx (palatine tonsil and base of tongue) and oral cavity
(tongue proper and �oor of mouth). These anatomical sites were
selected for their accessibility and rising incidence, while tumors of
the hypopharynx, maxilla, larynx were excluded due to limited case
numbers and suboptimal PD-L1 staining following decalci�cation.

Within the oropharyngeal group (39 cases), 14 were stage I, 19
were stage II, �ve were stage III, and one was stage IV at diagnosis.
In the oral cavity group (29 cases), 20 were stage III and nine were
stage IV. For each case, complete sets of preoperative biopsy,
surgical resection, and lymph node metastasis samples were
collected. In most cases (66/68), lymph node metastases were
resected during the same surgical procedure as the primary
tumor. Hematoxylin and eosin (H&E)-stained slides were
reviewed to con�rm the presence of carcinoma.
2.2 Immunohistochemistry procedures

Initial HPV status screening was performed using p16 IHC.
Con�rmation was then conducted with the PANA RealTyper HPV
kit (Panagene, Daejeon, Korea), a multiplex real-time PCR assay
performed on DNA extracted from the tumor tissue. In parallel,
PD-L1 IHC was performed using the PD-L1 IHC 22C3 pharmDx
assay (Agilent/Dako, CA, USA).

Both p16 and PD-L1 22C3 IHC were conducted on 4-µm-thick
sections prepared from formalin-�xed, paraf�n-embedded (FFPE)
blocks. The entire process for the 204 tissue sections (representing
complete sets of specimens from 68 patients) were automated on
the Ventana BenchMark ULTRA automated staining platform
(Ventana Medical Systems, AZ, USA).
2.3 Whole slide image preparation

Whole-slide images of the PD-L1-stained slides were digitalized
using the Philips Intellisite Pathology Solution platform. The
images were then exported as high-resolution TIFF �les for
further bioimage analysis.
2.4 Bioimage analysis

QuPath, an open-source bioimage analysis platform, was used
for the manual annotation of four distinct cell populations: tumor
cells, immune cells, PD-L1-expressing tumor cells, and PD-L1-
expressing immune cells (10) (Figure 1).
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2.5 PD-L1 scoring and classi�cation

PD-L1 expression was evaluated using two standardized scoring
systems for each specimen. The combined proportion score (CPS)
was calculated as the number of PD-L1–positive cells, including
tumor cells, lymphocytes, and macrophages, divided by the total
number of viable tumor cells and multiplied by 100. The tumor
proportion score (TPS) was calculated as the percentage of PD-L1–
positive tumor cells among at least 100 viable tumor cells. Necrotic
areas and non-neoplastic cellular components were excluded from
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the analysis. Based on these scores, specimens were classi�ed into
three expression categories: negative (CPS <1; TPS <1%), low
expression (CPS 1–19; TPS 1–49%), and high expression
(CPS �20; TPS �50%) (Figure 2).
2.6 Statistical analysis

Statistical analyses were performed to investigate the
relationships between different variables. The Mann-Whitney U
FIGURE 1

Procedure of automated analysis of PD-L1 22C3 expression using QuPath. Each PD-L1 22C3 pharmDx-stained slide was digitally scanned and
exported into Qupath, followed by whole cell detection. Annotation was conducted to classify four different cell populations: tumor cells (light
yellow), immune cells (pink), PD-L1 stained tumor cells (red), PD-L1 stained immune cells (green), non-relevant cells (black, not shown) (A). The
annotated classi�cation was then applied across the entire slide using an object classi�er (B). CPS and TPS were subsequently calculated based on
numerical outputs derived from the analysis.
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