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ABSTRACT

Introduction: Programmed Death-Ligand 1 (PD-L1) contributes
to immune escape in cervical lesions and may have clinical
relevance for risk stratification and immunotherapy. The
present study addresses the need for a uniform revaluation of
PD-L1 expression across the pre-invasive to invasive cervical
neoplasia spectrum using a combined intensity-and-proportion
scoring approach.

Aim: To evaluate PD-L1 expression in Cervical Intraepithelial
Neoplasia (CIN) and invasive carcinoma using a predefined,
uniform immunohistochemical scoring protocol.

Material and Methods: The present -cross-sectional
observational study was conducted at Meenakshi Medical
College Hospital and Research Institute, Kanchipuram, Tamil
Nadu, India. from May 2024 to December 2025. Sixty cervical
biopsy specimens were analysed, comprising 10 cases each of
CIN-1, CIN-2 and CIN-3, and 30 cases of invasive carcinoma.
PD-L1 staining intensity and the proportion of positive lesion
cells were scored from 0 to 3, and a composite score (0-6)
was obtained by adding the two scores. Expression was
categorised as negative (0), low (1-2), intermediate (3) or
strong (4-6). Data were analysed using Statistical Package
for Social Sciences (SPSS) version 26.0 with Pearson’s chi-
square tests, Cochran-Armitage trend tests, Kruskal-Wallis
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tests, Mann-Whitney U-tests and multivariable binary logistic
regression.

Results: The study included 60 cases; based on grouped age
mid-points, the estimated mean age was 43.5 years. Overall,
21/60 (35%) cases were PD-L1 positive. Positivity was 0/10
(0%) in CIN-1, 3/10 (30.0%) in CIN-2, 5/10 (50.0%) in CIN-3 and
13/30 (43.3%) in invasive carcinoma. The association between
diagnosis and PD-L1 positivity approached significance
(Pearson’s chi-square=7.40, p=0.060), while a significant
increasing trend was observed across CIN grades (Cochran-
Armitage-Z=2.53, p=0.011). PD-L1 positivity also differed
across age groups (chi-square=8.71, p=0.033), with a significant
age-related trend (Z=2.70, p=0.005). Multivariable logistic
regression showed that each one-level increase in diagnostic
severity was associated with higher odds of PD-L1 positivity
(Odds Ratio (OR)=1.91; 95% Confidence Interval (Cl): 1.07-
3.41; p=0.029). Composite scores differed significantly across
diagnostic categories (Kruskal-Wallis H=8.32, p=0.040).

Conclusion: PD-L1 expression increased from low-grade to
high-grade CIN and remained frequent in invasive carcinoma.
These findings support the role of PD-L1 as an immune related
biomarker in cervical neoplasia and justify further evaluation
of standardised PD-L1 assessment for risk stratification and
treatment planning.
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INTRODUCTION

Cervical cancer remains a major global health burden, especially its
prevalence is quite prominent across the lower and middle income
nations, despite the widespread awareness and diagnostic progress
like cytology-screening followed by the increased administration
of prophylactic Human Papillomavirus (HPV) vaccinations [1,2].
Persistent infection with High-Risk HPV (HR-HPV), especially types
18 and 16, is considered as the central etiologic factor responsible
for cervical carcinogenesis, which serves as well-characterised
multistep progression from CIN to invasive carcinoma via
deregulating epithelial differentiation followed by the accumulation
of epigenetic and genetic alterations within the affected individuals
[3,4]. Although majority of the HPV cases regress spontaneously,
the subset persists and progresses, thus reflecting the lack of local
cell-mediated immune control mechanism. Understanding how
HPV-related lesions evades host immunity system can be therefore
crucial in improving risk stratification and identification of candidates
for immunotherapy treatment.

One major significance concerning the immune escape mechanisms
in HPV-related disease is the activation of the PD-1/PD-L1 axis.
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PD-1 is an inhibitory receptor expressed on activated T cells, whilst
the PD-L1 is expressed on antigen-presenting cells and are further
then induced on tumour and epithelial cells in response for the
inflammatory cytokines like interferon-y [3,4]. Engagement of PD-1
by PD-L1 transmits negative signal that attenuates proliferation of
T-cell, subsequent production of cytokines, and cytotoxic functioning,
thereby facilitating in the promotion of T-cell exhaustion and immune
tolerance in the setting of cancer or chronic viral infections [3]. In
cervical neoplasia, upregulation of PD-1 on T cells and PD-L1 on
dendritic cells and lesional epithelial cells correlates with HR-HPV
positivity, increasing CIN grade, and a shift from T helper type 1 to
an immunosuppressive cytokine milieu, implicating this pathway in
lesion persistence and progression [3].

Immunohistochemical studies have demonstrated that normal
cervical epithelium lacks PD-L1 expression, whereas PD-L1 is
markedly upregulated in CIN and invasive Squamous Cell Carcinoma
(SCC). While Mezache L et al., reported exceptionally high PD-L1
positivity, demonstrating expression in 95% of CIN and 80% of
cervical SCC cases [5]. Similar observations regarding elevated
PD-L1 expression in cervical lesions have also been discussed
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in a systematic review [6]. From such evidences from recent
findings representing notably higher than typical observations in
recent studies, this discrepancy underscores the critical need for
standardised evaluation methodologies. In addition, it is evident
that the expression of both PD-L1 and PD-1 increased with CIN
grade and HPV positivity, accompanied by decreased interferon-y
and interleukin-12 and increased interleukin-10, indicating impaired
local cell-mediated immunity in high-grade lesions [3,7]. In
invasive cervical carcinoma, multiple cohorts have reported PD-L1
expression in approximately one-third to two-thirds of cases, with
positivity rates of around 31-35% in large series using standardised
assays and scoring systems [1,8,9], and up to 57-67% in other
observational studies [2,10].

Clinically, the PD-1/PD-L1 axis has become directly relevant
because immune-checkpoint inhibitors targeting this pathway have
shown activity in advanced and recurrent cervical cancer. Anti-PD-1
agents such as pembrolizumab and nivolumab, and anti-PD-L1
agents, have received regulatory approval for PD-L1-positive
cervical carcinoma, typically defined by a Tumour Proportion Score
(TPS) or Combined Positive Score (CPS) above an established
threshold [4,11]. In this context, PD-L1 Immunohistochemistry (IHC)
has been adopted as a predictive biomarker to select patients for
therapy. However, the literature is heterogeneous with respect to
antibodies, platforms, cut-offs, and scoring methods used for PD-L1
assessment, resulting in wide variability in reported prevalence
(~20-95%) and inconsistent associations with clinicopathological
parameters and outcomes [1]. Recent work has underscored
marked spatial heterogeneity of PD-L1 expression within tumours
and highlighted discordance between different assays and scoring
algorithms, further complicating standardisation [12].

While PD-L1 expression in invasive cervical carcinoma has been
relatively well studied, its dynamics across the full spectrum of
pre-invasive disease- particularly ordered trends from CIN-1 through
CIN-3- are less clearly defined. Systematic reviews indicate that
PD-L1 expression increases from low-grade to high-grade lesions
and carcinoma, and is linked to lesion persistence [3,7]. However,
individual studies have used disparate scoring systems without
integrating staining intensity, potentially underestimating biologically
relevant gradations [4,6,13]. Only a minority of series have evaluated
PD-L1 across multiple CIN grades and carcinoma within the same
cohort. Age and other host factors may further modulate the tumour
immune microenvironment, although these relationships often lose
significance in multivariable models [2,8,9].

The study addresses existing gaps by systematically quantifying PD-
L1 immunoexpressionin cervical biopsy specimens spanning CIN-1
through invasive carcinoma, utilising a reproducible composite
scoring system that integrates both staining intensity and positive
cell proportion. By formally testing for ordered trends according to
lesion grade and age, aiming to clarify whether PD-L1 expression
increases progressively along the neoplastic continuum, providing
a rationale for its further investigation as a biomarker for risk
stratification and immunotherapy.

MATERIALS AND METHODS

The present cross-sectional observational research of PD-L1
expression in CIN and invasive cervical carcinoma was conducted
at Meenakshi Medical College Hospital and Research Institute,
Kanchipuram, Tamil Nadu, India, from May 2024 to December
2025. Ethical approval was obtained from the Institutional Ethics
Committee (MMCH&RI/PG/10/MAY/24).

Sample size calculation: To calculate sample size, n=22 P(1-P)/d2
was used where Z=1.96 is for 95% confidence level, P=0.35 from
previously reported PD-L1 prevalence in cervical carcinoma [8],
d=0.12 is allowable absolute precision. The result of this calculation
was approximately 61 cases to be included with 60 available
eligible cases. Cases were purposefully chosen so that there were
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representatives of all four groups (CIN-1, CIN-2, CIN-3 and those
with invasive carcinoma)

Inclusion and Exclusion criteria: Formalin-fixed, paraffin-embedded
cervical biopsy specimens obtained for routine diagnostic purposes
were included when adequate lesional epithelium and preserved
tissue architecture were present. Poorly preserved, inadequately
fixed or insufficient biopsies were excluded.

Study Procedure
Age at diagnosis was categorised into four groups: <35, 35-44,
45-54 and >55 years.

Immunohistochemistry (IHC) and PD-L1 scoring: Evaluation
of PD-L1 protein expression was done using IHC on 4 um tissue
sections. Following the deparaffinisation and heat-induced epitope
retrieval, the sections were incubated with primary anti-PD-L1
rabbit monoclonal antibody (Path in situ, dilution 1:100). Detection
was performed using secondary antibody and peroxidase-
based visualisation system with 3,3’-Diaminobenzidine (DAB) as
chromogen, followed by haematoxylin counterstaining.

Assessment of PD-L1 staining assessed for the lesional epithelial/
tumour cells by employing semi-quantitative scoring system which
was adapted from the previously reported approaches on the CIN
and cervical carcinoma [14]. Two parameters were evaluated for
each case:

i.  Staining intensity of the membranous and/or cytoplasmic PD-
L1 expression in lesional cells, scored on a 4-point scale:

e (0=No staining

e 1=Weak staining

e 2=Moderate staining

e  3=Strong staining

ii. Proportion of positive lesional cells, scored according to
estimated percentage of PD-L1-positive cells within the lesional
epithelium:

e 0=0% positive cells

e 1=1-10% positive cells

e 2=11-50% positive cells

e 3=>50% positive cells

A composite PD-L1 score ranging from 0-6 was determined by
summing proportion and intensity scores. On the basis of composite
score achieved, PD-L1 expression was categorised as negative
(0), low expression (1-2), intermediate expression (3), and strong
expression (4-6) [14]. For binary analysis, any composite score
greater than zero was considered PD-L1 positive. All slides were
independently evaluated by experienced pathologists who were
blinded to clinical information. Cases with discrepant interpretations
were jointly reviewed to achieve consensus before final reporting.

STATISTICAL ANALYSIS

Data were analysed using version 26.0 of SPSS statistical software.
Categorial variables were summarised as frequencies (e.g., number
of patients) or percentages of total sample size. The estimated
mean age was calculated using a midpoint weighted method, by
multiplying the frequency in each age group by the midpoint of that
age group, summing these values across all age groups, and dividing
by the total number of cases. Categorical variable relationships were
analysed with Pearson’s chi-square testing, and ordered trending
data comparisons were made with Cochran-Armitage testing.
Multivariable analysis applying binary logistic regression was used
to evaluate PD-L1 positive versus diagnosis severityand age group
was estimated using Odds Ratios (OR) with 95% Cls. Composite
score distribution analyses were performed with a Kruskali-Wallis
test and a Mann-Whitney U-Test. A significance level of p-value less
than 0.05 was used throughout these analyses.
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RESULTS

PD-L1 positivity and distribution by diagnosis: The analysed
group had 60 cervical biopsy specimens with, 10 CIN-1, 10 CIN-2,
10 CIN-3, and 30 invasive carcinoma cases [Table/Fig-1]. For the
ages it was <35 years in 11 cases, 35-44 years in 21 cases, 45-
54 years in 22 cases, and >=55 years in 6 cases. While using the
midpoint-based estimate, the mean age came out to 43.5 years.

PD-L1 positivity was positive in 21/60 (35%) cases. No cases of
PD-L1 positivity were present in CIN-1 0/10 (0%). PD-L1 positivity
occurred in 3/10 (30%) of CIN-2 and was found to be the highest
percentage of PD-L1 positivity among CIN-3 5/10 (50%). The
percentage of PD-L1 positivity in invasive carcinoma was 13/30
(43.3%). The strongest expression of PD-L1 was found in the CIN-3
and invasive carcinoma groups.

PD-L1 PD-L1
negative positive PD-L1 composite-score category

Diagnosis n n (%) n (%) among positive cases
CIN-1 10 | 10(100.0) 0 Low 0, Intermediate 0, Strong O
CIN-2 10 7 (70.0) 3(30.0) Low 2, Intermediate 1, Strong O
CIN-3 10 5 (50.0) 5 (50.0) Low O, Intermediate 1, Strong 4
Carcinoma | 30 17 (56.7) 13 (48.3) Low 2, Intermediate 6, Strong 5
Total 60 | 39(65.0) | 21(35.0)

[Table/Fig-1]: PD-L1 positivity and composite-score category by diagnosis

Pearson’s chi-squi 7.40, df=3, p=0.060; Cochran-Armitage trend across CIN grades: Z:
p=0.011; Kruskal-Wallis test for composite scores across diagnostic categories: H=8.32, p=0.040.

Association of PD-L1 positivity with age group: [Table/Fig-2]
showed that the PD-L1 positivity gradually increases with the higher
age group. In the age group with participants <35-years, there were
0/11 (0%) cases; for the 35-44-year group it was 7/21 (33.3%)
cases. Then for 45-54-year it became 11/22 (50%) cases, and in
the >=55-year group it also sat at 3/6 (50%) cases.

Age group n PD-L1 positive, n (%) PD-L1 negative, n (%)
Less than 35 years 1 0 11 (100.0%)
35-44 years 21 7 (33.3%) 14 (66.7%)
45-54 years 22 11 (50.0%) 11 (50.0%)
Above 55 years 6 3 (50.0%) 3 (50.0%)

[Table/Fig-2]: PD-L1 positivity by age group (n=60).

Pearson’s chi-square=8.71, df=3, p=0.033; age-related Cochran-Armitage trend: Z=2.70,
p=0.005

Multivariable modelling of PD-L1 positivity: [Table/Fig-3]
presented the multivariable binary logistic regression, wherein the
diagnostic severity was significantly associated with PD-L1 positivity
(OR=1.91, 95% CI: 1.07-3.41, p=0.029). Age group showed higher
odds with increasing category but not statistically significant after
adjustment (OR=1.53, 95% Cl: 0.84-2.80, p=0.163).

Predictor OR 95% ClI p-value
Diagnosis severity (per one-level increase) 1.91 1.07-3.41 0.029
Age group (per one-category increase) 1.68 0.84-2.80 0.163

[Table/Fig-3]: Multivariable binary logistic regression predicting PD-L1 positivity

(n=60).

Histomorphological features on H&E examination: The images
below represent the pattern of staining over the various classifications
used to make a diagnosis. For example, within the category of CIN-1,
the staining is absent. The staining is focally present in some areas
for CIN-2, widespread for all areas of CIN-3 and moderate to strong
positivity for SCC (invasive) [Table/Fig-4a-d].

DISCUSSION

The present study demonstrates that PD-L1 expression in cervical
neoplasia is uncommon in low-grade lesions but becomes
progressively more frequent and more intense with increasing
histological severity, supporting an immunobiologic model in which
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[Table/Fig-4]: Representative PD-L1 Immunohistochemistry (IHC)

a) CIN-1 showing absence of membranous staining (IHC 10X); b) CIN-2 showing
focal membranous positivity (IHC, 10x); ¢) CIN-3 showing diffuse. membranous
positivity (IHC, 10x); d) Invasive Squamous Cell Carcinoma (SCC). Showing moder-
ate membranous positivity in tumour nests.(IHC, 10x).

immune checkpoint activation accompanies lesion progression.
PD-L1 positivity was absent in CIN-1, present in 30% of CIN-2
and 50% of CIN-3, and remained common in invasive carcinoma
(43.3%). Strong PD-L1 expression (composite score 4-6) was
confined to CIN-8 and carcinoma, whereas CIN-1 and CIN-2
showed only low or intermediate expression. Although the overall
association between diagnosis and PD-L1 positivity narrowly
missed conventional statistical significance in univariable analysis
(x? p=0.060), multivariable modelling confirmed that each stepwise
increase in diagnostic severity (from CIN-1 to carcinoma) nearly
doubled the odds of PD-L1 positivity (OR 1.91, 95% CI 1.07-3.41,
p=0.029). These findings are consistent with the concept that
PD-L1 upregulation is linked to biologic progression along the CIN-
carcinoma continuum.

The direction of these results aligns with several prior studies showing
an increase in PD-L1 expression with CIN grade and into invasive
cancer. Yang W et al., reported that PD-L1 and PD-1 expression on
cervical immune cells rose in parallel with CIN grade and HR HPV
positivity [15], accompanied by a shift toward animmunosuppressive
cytokine milieu, indicating that the PD-1/PD-L1 pathway contributes
to impaired local cell-mediated immunity in HR-HPV-related CIN
[15]. A recent systematic review [6] similarly concluded that PD-L1
expression in both cervical epithelial and mononuclear cells increase
from Low-grade Squamous Intraepithelial Lesion (LSIL)/CIN-1
through High-grade Squamous Intraepithelial Lesion (HSIL)/CIN2+
to carcinoma, supporting a role for PD-L1 in lesion persistence
and progression [16]. As discussed earlier by with higher PD-L1
expression in cases with CIN-1/2 lesions (95%) and also among
squamous carcinomas cases (80%), with expression localised to
dysplastic/neoplastic cells and CD8* lymphocytes [5]. This evidently
showcases the role of PD-L1 as a potential biomarker for diagnosis
against HPV infection. The absolute prevalence of PD-L1 positivity
in the present series (particularly the absence in CIN-1) is lower than
in some of these reports, likely reflecting differences in antibody
clones, scoring systems, and cut-offs [11,17]. However, the key
biological signal- a stepwise increase in expression with histologic
severity and restriction of strong expression to high-grade and
invasive disease- is concordant with the broader literature [4,18].

The age-stratified analysis showed a significant increase in PD-L1
positivity with advancing age, from 0% under 35 years to 50% in both
the 45-54 and >55-year groups (p=0.033). This monotonic pattern
suggests that the probability of encountering PD-L1-expressing
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lesions increases with age, potentially reflecting age-related
immune senescence or accumulated exposure to HR-HPV and
other immunomodulatory influences. Similar age-associated
trends have been observed in larger carcinoma cohorts [1,8,19].
An Indian cross-sectional study of 119 cervical cancers reported
PD-L1 positivity in 35% overall, with higher positivity among women
older than 45 years, and other series have noted higher PD-L1
expression in older or more advanced patients, although age is not
consistently an independent predictor after adjustment for tumour
factors [1,20,21]. In the present study, the independent effect of
age did not reach statistical significance in multivariable logistic
regression (OR 1.53, 95% CI 0.84-2.80, p=0.163), indicating that
histological severity is a more robust determinant of PD-L1 status
than age once diagnostic grade is accounted for. This is consistent
with meta-analytic data in invasive cervical cancer, where PD-L1
overexpression shows strong associations with adverse survival but
not with the patient’s age [8,9].

Taken together, these findings reinforce the view that disease
biology- specifically progression from low-grade CIN to HSIL and
carcinoma- is the primary driver of PD-L1 upregulation in cervical
neoplasia. The emergence of strong PD-L1 expression only in
CIN-3 and carcinoma suggests that immune evasion via the PD-1/
PD-L1 axis is most pronounced at the high-grade pre-invasive and
invasive stages, in line with studies reporting progressive increases
in PD-L1 and related immune-escape markers from low-grade
lesions to cervical SCC [14,22]. This has important implications for
immunotherapy: a substantial subset of high-grade CIN and invasive
tumours may be biologically primed to respond to PD-1/PD-L1
blockade, as reflected in clinical trials and approvals of PD-1 inhibitors
for PD-L1-positive recurrent/metastatic cervical cancer [11,23].

At the same time, the lower PD-L1 prevalence in this cohort
compared with some reports (e.g., 31-41% vs ~58-70% in
several carcinoma series) [7,24] highlights ongoing challenges in
standardising PD-L1 testing. Heterogeneity in antibody clones,
platforms, scoring systems (TPS, CPS, or composite scores), and
cut-offs yields wide variability in reported positivity rates [4]. Also,
there is a marked intratumoural heterogeneity and discordance
between PD-L1 IHC cores from the same patient, and proposed
RNA-based methods combined with interferon-y signalling as more
robust biomarkers [20]. A large meta-analysis across gynaecologic
cancers also showed that pooled PD-L1 prevalence and prognostic
impact vary substantially with assay and scoring criteria [9]. The
composite intensity-plus-proportion score used in this study is
conceptually similar to H-score-type approaches and captures
gradations in expression, but cross-study comparisons must be
interpreted cautiously.

Limitation(s)

There are several limitations that warrant consideration. The sample
size within each CIN subgroup was modest, contributing to borderline
p-values in univariable analyses and limiting power to explore
interactions between age, HPV status, and PD-L1 expression.
The cross-sectional design precludes conclusions about temporal
dynamics or causality and does not allow assessment of prognostic
implications or treatment response. HPV genotyping, immune-cell
PD-L1 and PD-1 expression, and other microenvironmental markers
(e.g., CD8* TILs, cytokines) were not evaluated, although prior work
indicates that PD-L1/PD-1 status, TIL density, and cytokine profiles
jointly shape prognosis and response to immunotherapy. Finally,
as emphasised in recent reviews and regulatory analyses, PD-L1
alone is an imperfect predictive biomarker for checkpoint blockade,
with only a subset of PD-L1-positive cancers responding and some
PD-L1-negative tumours deriving benefit. Also, HPV genotyping
and viral load quantification were not performed, so the relationship
between specific HR HPV types, and PD-L1 status could not be
directly evaluated.
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Future research should build on these findings through larger,
multicentred, and preferably prospective cohorts that include
all grades of CIN and invasive carcinoma, with long-term clinical
follow-up. Such studies should correlate PD-L1 expression with HPV
genotype, viral load, and molecular signatures to clarify the pathways
linking transforming HPV infection to immune checkpoint activation.
Integrating standardised, guideline-concordant PD-L1 assays and
scoring systems, along with detailed characterisation of the tumour
immune microenvironment (including PD-1/PD-L1 expression on
immune cells, CD8* T-cell infiltration, and other checkpoints such
as CTLA-4, LAG-3, and TIM-3), would help refine biomarker panels
for predicting progression and therapeutic response. In invasive
carcinoma, translational studies linking PD-L1 profiles to response
rates and survival in patients treated with immune-checkpoint
inhibitors could support personalised immunotherapy strategies.
Finally, exploratory work combining PD-L1 with other emerging
markers (e.g., tumour mutational burden, gene expression profiles,
spatial immune mapping) may lead to robust, multiparametric
models for risk stratification and treatment selection across the
spectrum of HPV-related cervical disease.

CONCLUSION(S)

The present cross-sectional analysis of 60 cervical biopsy specimens
demonstrates that immune-related biomarkers, particularly PD-L1, are
closely linked to the histological progression of cervical disease. PD-
L1 expression was absent in low-grade lesions (CIN-1), emerged in a
subset of CIN-2, and became frequent in CIN-3 and invasive carcinoma,
with significant evidence of an increasing trend across CIN grades.
Although an age-related trend was noted in univariable analysis, the
loss of its independent statistical significance in multivariable modeling
highlights that PD-L1 upregulation is primarily driven by the underlying
biological severity of the lesions. Collectively, these findings support a
model in which the transforming HPV infections and PD-L1- mediated
immune evasions tend to co-evolve during the cervical carcinogenesis.
Clinically, this underscores the potential of PD-L1 as an adjunct
biomarker for risk stratification in high-grade CIN and carcinoma
cases, and could serve as a rational target for immune-checkpoint-
mediated therapies in a subset of cervical lesions.
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